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Asexual production. ) _ from Sexual Reproduction. 
QUICK RECAP 


© Reproduction is the biological process in of the line of succession and maintenance of 


which an organism produces young ones a species in the biosphere. The methods of 
(offspring) of its own kind. reproduction are broadly categorised into 


© R for th ünnatan two types-asexual reproduction and sexual 
ioni j in ’ 
eproduction is essential orthecon reneo duelon, 


Table : Differences between asexual and sexual reproduction 


TEE Asexual reproduction Sexual reproduction 


l, Asexual Bi io “involves the | Sexual reproduction involves participation of two 
ndividual parent. | separate parents. 
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occurs at the time al 











sex organs. 


—ncis Which 
iosi s meiosis 
It does not involve melos! 





It involves n 
See ae] reproduction requires fertilisation Ta 
take place between twO opposite gametes leading 
to the production of a zygote. — 

The individuals produced as a resu of meiosis and 
gametic fusion exhibit genetic variation and differ 
from either of the two parents. 


s or reduction 
















division. 3 
Asexual reproduction does not involve 
sexual fusion of two gametes. Zygotes are 
not formed. 
Since asexual reproduction does not involve 
meiosis and fusion of gametes, the offspring 
are genetically similar to parents and they 
do not show variations. 

It is a very quick method of multiplication 


of individuals. 


ASEXUAL REPRODUCTION 


@ Various types of asexual reproduction have been summarised in the given flow chart. 


Asexual Reproduction 


Division of parent into 
Division of the parent body into two or two small nearly equal 
more daughter individuals identical to sized daughter individual 
the parent. It is of two types: 



































It is a very slow method» of multiplication of 


individuals. 
















Regeneration 













Formation of the whole body of an organism from a small 
fragment (morphallaxis) or the replacement of the lost part 
(epimorphallaxis). 






e.g., bacteria, protozoans 
and planarians. 






















Formation of a daughter individual from 
a small projection, the bud, arising on the 
parent body e.g., Scypha, Hydra. 

Internal buds called gemmules are 
found in some fresh water sponges e.g., 


Spongilla. 


Series of ring-like transverse constrictions are develop, organism looks like a 
pile of minute saucers. The segmented body is called a strobila e.g., Aurelia. 







Spore formation 






Multiple fission 


Spores are propagules which germinate to produce new 
individuals. There are several kinds of spores, namely, 
zoospores, sporangiospores, chlamydospores, oidia, conidia. 






Division of parent into 
many small daughter 
individuals simultan- 
eously e.g., Amoeba, 
Plasmodium. 














Vegetative propagation 


Formation of new plants from vegetative units called 
vegetative propagules such as buds, tubers, rhizomes, etc. 


Artificial methods of vegetative propagation include 






















Fragmentation 





(a) Cuttings : A small piece of any plant organ 
(stem, root or leaf) is used for propagation e.g., root 
cuttings for raspberry, stem cuttings for rose, etc. 

(b) Layering : Roots are artificially induced on the 
stem branches before they are detached from 
parent plant for propagation. e.g., jasmine 

Bougainvillea, etc. | 
(c) Grafting : Parts of two closely related plants are 
joined in such a way that they grow as one plant. 
Here, the rooted supporting portion of one plant 
(stock) is joined with twig of another plant (scion) 
e.g., Citrus, apple etc. 

(d) Micropropagation: 

Propagation of plants by culturing the cells. tissues 
etc., e.g., Chrysanthemum. 


SEXUAL REPRODUCTION 


The parent body breaks into two or more fragments. Each fragment develops 
into an organism e.g., sponges, sea anemones, echinoderms. 





Specialized structures which develop in small receptacles called gemma 
cups located on the thalli e.g., Marchantia. 


Underground stem structures like suckers, rhizomes, corms, bulbs and tubers, creeping 


stems like runners, stolons and offs : 
t : ets, roots, leav j . e 
propagation. es, bulbils, etc. help in natural vegetativ 





Flow chart : Different types of asexual reproduction 









their birth upto their reproductive maturit 
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Reproduction in Organisms 


© Juvenile phase and reproductive phase are of 
variable durations in different organisms. 


© On the basis of breeding time animals may 
be either seasonal breeders (reproduce in 
particular period of year) or continuous 
breeders (continue to breed throughout 
their sexual maturity). 


© The females of placental mammals exhibit 
cyclical changes in the activities of ovaries 
and accessory ducts as well as hormones 
during the reproductive phase. 


© In non-primate mammals like cows, sheep, 
rats, deer, dogs, tigers, etc., such cyclical 
changes during reproduction are called 
oestrus cycle whereas in primates (monkeys, 
apes, and humans) it is called menstrual 


cycle. 
Events in Sexual Reproduction 


Pre-fertilisation events 


These events of sexual reproduction take 
place before fusion of gametes. These 
include, gametogenesis and gamete transfer. 


Gametogenesis 


© It is the process of formation of gametes. The 
reproductive units in sexual reproduction 
are specialised cells called gametes which are 
of two kinds : male and female. 


© In some lower plants (e.g., in some algae), 
the two gametes are morphologically similar, 
such gametes are called isogametes (or 


homogametes). 


© When male and female gametes are 
morphologically distinct, they are called 
anisogametes (or heterogametes). In 
such organisms, male gametes are called 
microgametes, OF spermatozoa, and female 


gametes are termed macrogametes, Or ova. 


© in plants when both male and female 
reproductive structures are present on the 
same plant then these plants are called as 
bisexual or monoecious e.g., cucurbits 
and coconut and when these rep: ictive 
structures are present on ‘different plant 


vunisexua 


then these plants are referred toa 
or dioecious e.g., papaya and date | alri 
DERRE Gu 
© In some lower animals, both male and fe 
sex organs are present in the same indivi 


hears > 


© When 











These animals are called hermaphrodite or 
monoecious or bisexual, e.g., tapeworm, 
earthworm and leech. Most of the animals 
are unisexual or dioecious with distinct 
male and female individuals e.g, Ascaris, 
cockroach, frog, lizards, birds, mammals. 


© Gamete transfer : In most organisms, male 
gamete is motile and the female gamete is 
nonmotile. A medium is needed through 
which male gametes can move. In algae, 
bryophytes and pteridophytes, water serves as 
the medium through which gamete transfer 
takes place. In flowering plants, pollen grains 
carry the malegametes which are transferred 
from the anther to the stigma by pollination. 
Many animals have copulatory organs to 
transfer male gametes. 


Fertilisation 


© Itis the complete and permanent fusion of 
two gametes from different parents or from 
the same parent to form a diploid zygote 

(syngamy). 

>>) Syngamy is of two types with regard to the 
source of fusing gametes : 

(i) Endogamy (Self-fertilisation) : It 
involves the fusion of male and female 
gametes of the same parent. Thus it is 
uniparental, e.g., Taenia (tape worm). 

(ii) Exogamy (Cross-fertilisation): It involves 
the fusion of two gametes produced by 
different parents. Thus it is biparental, e.g., 
Rabbit. 

fertilisation occurs outside the 
body of the organism, it is called external 
fertilisation or external syngamy. 

The external medium such as water is 
required for this type of fertilisation e.g., fish 
and frog. 


© When egg is retained inside female body 


where it fuses with the male gamete, the 
process is called internal fertilisation 
or internal syngamy e.g., reptiles, birds, 
mammals, etc. 


ef he 


Po: lisation events 


ilisation events include : 

ormation of zygote : After fertilisation 
diploid zygote is formed in almost all 
ually reproducing organisms. Further 
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4 
development of the zygote depends on © In ovoviviparous animals, the female retains 
the type of life cycle of the organism and the eggs inside its body after fertilisation 
environmental conditions. and allows the development of the embryo 
> Embryogenesis : Embryo develops from inside the body without providing extra 
zygote by a process called embryogenesis. nourishment to the developing embryo as 
© During embryogenesis, zygote undergoes ‘he placenta is absent. However, the female 
mitotic cell division and cell differentiation. individual gives birth to the young ones e.g, 
© Cell division increases the number of sharks and rattle snakes. 


cells in the developing embryo while cell 
differentiation helps to form specialised 
tissues and organs to form an organism. 


@ On the basis of the development of the @ The fertilised ovule matures and gets 
zygote, animals are grouped into oviparous, converted intoàseeds. The wall of the ovary 
viviparous and ovoviviparous. prođuces the pericarp ( fruit wall). 


In flowering plants; the zygote is formed 
inside the ovule of the female sex organs, 


The oviparous animals such as reptiles and Q ihe ripened ovary enclosing the seeds forms 


birds lay eggs. In viviparous animals such fruits. The pericarp protects the young seeds. 
as majority of mammals including human 
beings, the zygote develops into a young one © After dispersal the seeds germinate to form 


inside the body of the female individual. new plants. 


Special modes of reproduction 


i o RF 
Parthenogenesis 





> Development of an egg (ovum) into a complete individual without 
fertilisation by a sperm is known as parthenogenesis. Parthenogenesis is 
of two main types : natural and artificial. 

> Natural parthenogenesis occurs regularly in the life cycle of certain 
animals. It may be complete or incomplete. 

> Complete (Obligatory) parthenogenesis occurs in those animals which 
breed exclusively by parthenogenesis. There are no males and, therefore, 
such individuals are represented by females only. e.g., Lacerta saxicola 
armaniaca. 

> Incomplete (Cyclic) parthenogenesis is found in those animals in which 
both sexual reproduction and parthenogenesis occur. E.g. in spring, eggs of 
aphids develop into females which produce many generations of females 
by parthenogenesis through the summer months. At the end of summé! 
some females produce males and females by parthenogenesis. Both of thes¢ 
males and females mate to produce fertilised eggs (zygotes) that hatch i^ 
the spring as parthenogenetic females to continue parthenogenesis. 

> Artificial parthenogenesis is where the egg (ovum) is induced to develop 

dinto aico mplete individual by artificial stimuli. Artificial parthenogenesis 

aa ay be induced by p l al as well as chemical stimuli. 
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Reproduction in Organisms 


1.1 Asexual Reproduction 


YE (1 mark) Ea - 


1. Identify the picture and mention the 
vegetative part that helps it to propagate. 





2. Name the vegetative propagules in the 


following: 
(a) Agave (b) Bryophyllum 


(AI 2014) 


3. Give one example each of the plant. that 


reproduces by 
(a) runner 


(b) offset (AI 2014C) 


4. Give one exampleteach of the fungus which 


reproduces by : 
(a) budding 
(b) conidia 

Name an alga that reproduces asexually 
through zoospores. Why are these 
reproductive units so called? (AI 2013) 


(AI 2014C) 


Name an organism where cell division in 
itself is a mode of reproduction. (AI 2013) 


Which one of the following statements is 


true of yeast? 
(i) The cell divides by binary fission. One 


of them develops into a bud. 
(ii) The cell divides unequally. The smaller 
cell develops into a bud. 

(iii) The cell produces 
develop into a bud. : 


Which of the follov ing statements is ! 


conidia which 
(Delhi 2013C) 











10. 


11. 


12. 


13. 


14. 


15. 


(i) It produces asexual gemmules. 
(ii) It produces unicellular bud. 
(iii) It produces multicellular bud. 
(AI 2013C) 


Which one of the following statements is 
true of ginger? 

(i) Germinating bud appears from the eye 
of the stem tuber. 

(ii) Germinating bud appears from the 
node of rhizome. 

(iii) Germinating bud appears from the 
notch of the leaf margin. (AI 2013C) 


Which ones of the following organisms 
exhibit binary fission? 
Bacillus, Penicillium, Yeast, Amoeba 

(Delhi 2012C) 


How does Penicillium reproduce asexually? 
(Delhi 2011) 


Offspring derived by asexual reproduction 
are called clones. Justify giving two reasons. 


(Delhi 2010) 


Mention a characteristic feature and a 


function of zoospores in some algae. 
(Delhi 2010) 





Identify this reproductive structure and 
name the organism they are being released 


from. 





(Delhi 2010C) 


Name the organism and the mode of 
reproduction represented in the diagram 


given below. 





Parental Cell 


(AI 2010C) 


PES (2 marks) 


16. 


17. 


ES (3 marks) 


18. 


Unicellular organisms are immortal, whereas 
multicellular organisms are not. Justify. 


(Delhi 2011C) 
(a) Name the organisms that reproduce 
through the following reproductive 
structures. 


(i) Conidia (ii) Zoospores 
(b) Mention similarity and one difference 


between these two reproductive units. 
(Delhi 2011C) 


a a 





(a) List the three stages the annuals and 
biennial angiosperms have to pass through 
during their life cycle. 

(b) List and describe any two vegetative 
propagules in flowering plants. (Delhi 2017) 


1.2 Sexual Reproduction 


(1 mark) 


19. 


20. 


Bis 


yp Ss 


Meiosis is an essential event in the sexual life 
cycle of any organism. Give two reasons. 
(Foreign 2015) 


Write the two pre-fertilisation events from 
the list given below: 

Syngamy, Gametogenesis, Embryogenesis, 
Pollination (Delhi 2014C) 


Give one example of an animal which 
exhibits oestrous cycle. (AI 2014C) 


Which of the following statements is true of 
date-plam? 

(i) It is monoecious producing both 
staminate flowers and pistillate flowers in the 
same plant. 

(ii) It is monoecious producing staminate 
flowers in one tree and pistillate flowers in 
another tree. 

(iii) It is dioecious producing staminate 
flowers in one tree and pistillate flowers in 
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B3. 


24. 


2D. 


26. 


Dre 


28. 


29. 


30. 





EY a 


33. 


34. 


35. 
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pS + a ai 
bits and papaya plants bear staminate 
flowers. Mention the categories 
under separately on the basis of 
(Delhi 201 ?) 


Cucur 
and pistillate 


„y are put 
ean Af flowers they bear. 
Mention the 
exhibited by 
(neelakuran)!). 
de of reproduction that ensure; 
f new, variants. (Delhi 2012¢) 


unique flowering phenomenon 
Strobilanthus — kunthiang 


Name the mo 
the creation O 
Il organisms have to pag, 
y can reproduce sexually 

(Delhi, Al 2011) 


Name the phase a 
through before the 


the phenomenon and the celj 
r the development of a new 
hout fertilisation as seen in 

(Foreign 2011) 


Name 
responsible fo 
individual wit 
honey bees. 

How are Cucurbita plants different from 
papaya plants with reference to the flowers 
they bear? (AI 2011C) 


Mention the site where syngamy occurs in 


amphibians and reptiles respectively. 
(Delhi 2010) 


Write the difference between staminate and 
pistillate. (Delhi 2009C) 


GEN (2 marks) a 


31. 





Why do algae and fungi shift to sexual mode 
of reproduction just before the onset of 
adverse conditions? (Delhi 2014) 


Coconut palm is monoecious, while date 
palm is dioecious. Why are they so called? 
(2/5 marks, Delhi 2014) 


The cell division involved in gamet 
formation is not of the same type in differen! 
organisms. Justify. (Delhi 2011) 


A list of three flowering plants is given below: 
List - Datepalm, cucurbits and pea. 

Which ones out them are (a) monoecious 
and (b) bearing pistillate flowers? 

(Foreign 20! l) 
any two organisms and the 
phenomenon involved where the female 
pamere undergoes development to form ne’ 
Organisms without fertilisation. 


(Foreign 2011) 


Name 


Reproduction in Organisms 


À Detailed Solutions 


singer A giren figure represents rhizome of 
: zome is an underground stem with 
stored food and bud. These buds form new aerial 
shoot during favourable conditions. Rhizome 


a part in vegetative propagation due to these 


2. (a) In Agave, bulbils are the vegetative 
propagules. 
(b) dn Bryophyllum, vegetative propagation is 
carried out by adventitious buds that arise from 
notches present at margins of leaves. 
3. (a) Lawn grass reproduces by runner. 
(b) Eichhornia reproduces by offset. 
4. (a) Yeast reproduces asexually by budding. 
(b) Penicillium reproduces asexually by conidia 
formation. 
5. Chlamydomonas (an algae) reproduces 
asexually through zoospore formation. These 
spores are unicellular, naked (without . cell 
wall), motile and flagellated and hence ñamed 
zoospores. 
6. In Amoeba asexual reproduction takes place 
by division of parent body. 
7. (ii) Yeast reproduce by budding. The cell 
divides unequally. The smaller cells develop into 
a bud. 
8. (iii) Hydra produces multicellular bud. 
9, (ii) Germinating bud appears from the node 
of rhizome of ginger. 
10. Bacillus and Amoeba reproduce by binary 
fission. In this process, the parent organism 
divides into two equal halves each forming an 
independent daughter organism. 
11. Penicillium reproduces asexually by conidia 
formation. These are non-motile spores produced 
singly or in chains by constriction at the tip or 
lateral side of special hyphal branches called 
conidiophores. These are produced exogenously, 
dispersed by wind and germinate directly by 
giving out germ tubes. 
12. In asexual reproduction, offspring are 
produced by a single parent with or without 
the involvement of gamete. The offspring are 


d are similar to one another and, are also 


produce 
arents. Thus, these offspring 


exact copies of their p 


ain Mag ed ah 


are morphologically and genetically similar and 
hence called as clone. 

13. Refer to answer 5. 

14. The reproductive structures represented 
by the given figure are zoospores. Zoospores 
are special kind of motile and flagellated spores 
produced inside zoosporangia. Organism 
represented by the given figure is Chlamydomonas, 
that reproduces asexually by zoospore formation, 
15. The given figure represents budding in yeast. 
16. Most unicéllular organisms specially those 
which undergoes binary fission are immortal 
because they reproduce by cell division. The parent 
body as.a whole constitutes the reproductive unit 
and-disappears when its division into daughter 
individuals is completed. There is no remains of 
parent body cell and thus, parent cannot be said 
to have died. Infact, after binary fission, the parent 
continues living as two daughter individuals. 

In multicellular organisms reproduction occurs 
in specialised organs involving specialised cells. 
The whole body of parent dies due to ageing and 
senescence. 

17. (a) (i) Penicillium reproduces through 
conidia formation. 
(ii) Chlamydomonas 
zoospores formation. 
(b) Similarity - Conidia and zoospores, both are 
asexual reproductive structures. 

Difference - Conidia are non-motile spores 
whereas zoospores are motile and _flagellated 


spores. 
18. (a) The three stages that angiosperms have 
to pass through during their life cycle are: 

(i) Vegetative phase 

(ii) Reproductive phase 

(iii) Senescence phase 

(b) Two vegetative propagules in flowering 
plants are : (i) roots and (ii) rhizomes. 

(i) Roots : Modified tuberous roots of sweet 
potato, tapioca, yam, Dahlia and Asparagus can be 
propagated vegetatively when planted in soil. ‘The 
buds present on the roots grow into leafy shoots 
above ground and adventitious roots at their 
bases. Adventitious buds develop on the ordinary 
roots of Dalbergia sisso, Populus, guava, etc., and 


grow to form new plants. 


reproduces through 
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Rhizomes are underground 
ve 


(ii) Rhizomes 
modified stems that serve as means of vegeta 
propagation by perennating under unfavourable 
conditions. They produce new aerial shoots 
during the favourable season. Typha, Canna, 
ginger, turmeric, lotus, Saccharum, water hyacinth 
and many other plants propagate vegetatively with 
the help of rhizomes. 

19. Meiosis is an essential event in the life cycle 
of a sexually reproducing organism because:- 

(i) It helps to restore diploid chromosome 
number during fertilisation. 

(ii) Itisasource of variation. Random segregation 
of chromosomes and exchange of genetic material 
between homologous chromosomes increases the 
genetic diversity. 

20. Two pre-fertilisation events are 
gametogenesis and pollination. 

21. Cows exhibits oestrous cycle. 

22. (iii) Date palm is a dioecious plant producing 
staminate flower in one tree and pistillate flower 
in another tree. 

23. Cucurbits are monoecious plants i.e., they 
bear both male and female flower on the same 
plant. On the other hand, papaya plants are 
dioecious i.e., both male and female flowers are 
present on separate plant. 

24. Strobilanthus kunthiana produce flowers 
once in twelve years. 

25. Sexual reproduction ensures creation of 
new ‘variants. It involves, fusion of gametes 
from different parents which results in genetic 
recombination that cause variations. 


26. All organisms have to pass through the 
period of growth known as juvenile or vegetative 
phase before they start reproducing sexually. 
The period of growth is between the birth of an 
individual upto reproductive maturity. 

27. Female gamete undergoes development to 
form new individual without fertilisation. This 
phenomenon is known as parthenogenesis. 

28. Refer to answer 23. 

29. In amphibians, syngamy takes place outside 


the body of the organism in, 





ie 
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vce inside the body of 
* . e 
Thus. in amphibians exten 


akes place and in reptiles intemy 


kes place- 

In flowering plants, staminate is a uniseryy 
flower which bears —_ onl whi 

late is 4 female flower which bears pisti, 


fertilisation 
fertilisation ta 


30. 
male 
pistil 
ey organisms, such as fungi ind digag switcht 
sexual mode of reproduction just i ore the onse 
of adverse conditions because fee reproductio, 
brings variation into ghe indivi uals, some ef 
which might help the individuals to adapt to th 
changed environmental conditions and survive 
This ensures the continuity of species. 

32, Coconut palm is monoecious because į 
bears both male and female flowers on the same 
plant, whereas date palm is said to be divecioy 
as it bears male and female flowers on separate 


plants. 

33. Gametes in all heterogametic species are 
of two types, male and female. Gametes ar 
haploid though the parent body from whid 
they arise may be either haploid or diploid 
Several organisms belonging to monera, fungi 
algae and bryophytes have haploid plant body 
but organisms belonging to pteridophytes 
gymnosperms, angiosperms and most of th 
animals including human beings, have diploid 
parental body. Meiosis will take place, if th 
diploid body has to produce haploid gametes 
In diploid organisms, specialised cells calle 
meiocytes undergo meiosis, at the end only 0” 


set of chromosome gets incorporated into ¢ 
gamete. 


34. (a) Cucurbits and pea plants f 
ne bearing both staminate and pistill! 
Owers on the same plant 


(b) Date palm, c i 
» CU þe? 
pistillate flowers. curbits and pea, all three 


35. 

nile ‘nomenon where female gt 

Without fei omen iat er 

ASEA lisation is called parthenogents* 
n honeybees and rotifers. 







2.1 Flower-A fascinating Organ of Angiosperms 
2.2 Pre-fertilisation : Structures and Events 
2.3 Double Fertilisation 


Sexual Reproduction 
in Flowering Plants 


2.4 Post-fertilisation : Structures and Events 
2.5  Apomixis and Polyembryony 


Topicwise Analysis of Last 10 Years’ GBSE Board Questions (2018-2009) 


a ae -= 


>» Maximum weightage is of Pre-fertilisation : 


Structures and Events. 





Bl vsa 
fl sai 
SA Il 
C] LA 


b> = Maximum VSA, SAI, SA Il and LA type questions 
were asked from Pre-fertilisation : Structures 
and Events. 


QUICK RECAP 


© Sexual reproduction is the formation 
of new individuals through the meiotic 
gamete formation and their subsequent 
fusion during fertilisation. It is also called 


amphimixis. 


© Flowerisaspecialisedcondensedshoot meant 
for carrying out the sexual reproduction. 
It bears floral leaves and gives rise to seeds 
and fruits. 


© A typical flower has 4 whorls of floral leaves 
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viz., Sepals (calyx), petals (corolla), stamens 
(androecium) and carpels (gynoecium). 
Stamens and carpels respectively represent 
male and female reproductive organs of 
flowers. 


MALE REPRODUCTIVE ORGAN 


© Androecium consists of stamens as its 








Function Function 









To protect To attract 
inner whorls 


in bud 
condition 


pollinating 






agencies 





organ 


© 
© 


Stamens 
(Androecium) 


pola) A nther Connective Filament Ovary 


In reproduction, as 
male reproductive 





Function 


CETA CBSE Champion Biology Clas. p 


ns or microsporo 
The stamen p Phyl}, are 


units. 
das the male reproductive OF Bans o 


regarde 
stamen consists of three Parts 


Each and connective. 


flament, anther 
the filament 15 the slender stalk of k 
stamen, and the anther is the expanded $ 


borne by the filament. 


le 
d, 


Carpels 
(Gynoecium) 








‘4 


Style Stigma 






Function 










In reproduction, as 
female reproductive 










organ 





Flow chart : Parts of a typical flower 


© Each anther consists usually of two lobes 
connected ,together by a sort of midrib 
known as the connective. 


Anther consists of 4 pollen sacs or micros- 

porangia (two in each lobe), Microsporangial 

wall has four types of layers: 

> Epidermis : One cell thick and protective in 
function. 

> Endothecium : Single layered, cells have 

cellulose thickening with a little pectin 


and lignin in some cases. It helps in anther 


dehiscence. 
> Middle layers : 1-3 layers; they degencrate 
during maturity of the anther. 
> Tapetum: Tapetal cells are nutritive. By these 
cells, the Ubisch bodies are produced which 
help in the ornamentation of microspore 
wall. 


© 





The process of formation 
from sporogenous tissue 
microsporogenesis. 


The sporogenous cells may directly function 
as microspore mother cells (also called 
pollen mother cells or PMCs). 


As the anther matures and dehydrates, !! 


dehisces by slits and pores to liberate the 
pollen grains, 


Pollen grain (microspore) is the first cell of 
the male gametophyte. 


of microspores 
is known a 


Pollen grains are released from the anthers 
either at 2 - celled Stage or at 3 - celled stage: 
Wall or coverin 
Sporoderm, It 
and inne 
thick an 


8 of pollen grain is called 
has two layers, outer exine 
r intine. The outer layer exine | 
d sculptured or smooth. It is made 


Sexual Reproduction in Flowering Plants 


© 
© 


up of sporopollenin which is resistant to 
chemical and biological decomposition so 
pollen wall is preserved for long periods in 
fossil deposits. At certain places the exine 
remains thin. These thin areas are known 
as germ pores, when they are circular in 
outline and germinal furrows when they are 
elongated. The intine is thin and elastic. It 
emerges out as the pollen tube from the germ 
pores during germination. 

Development of male gametophyte is 
precocious, that is, it begins inside the 
microsporangium or pollen sac. 


The size of the nucleus increases and 
protoplast then divides mitotically to 
produce a bigger vegetative or tube cell and 
a smaller generative cell. 

The tube cell has a vacuolate cytoplasm 
which is rich in food reserve cell organelles 
and large and irregular nucleus. 

The generative cell is small, spindle shaped to 
spherical shaped, with thin dense cytoplasm 
and a prominent nucleus. 

Male gametes are formed by a mitotic 
division in a generative cell. 
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Gynoecium is female reproductive whorl of 
the flower. It is composed of one or more 
carpels or pistils. 

Each pistil consists of three parts, i.e., stigma, 
style and ovary. 

A pistil has a terminal receptive disc-like 
stigma, a stalk-like style and a basal swollen 
ovule bearing part called ovary. Inside the 
ovary is the ovarian cavity (with one or 
more locules) and parenchymatous cushion 
called placenta, from which arise ovules. 
An ovule or integumented megasporangium 
develops from the base or the inner surface 
of the ovary. It is small, generally an oval 
structure and consists chiefly of a central 
body of tissue, the nucellus and one or two 
integuments. 

Each ovule is attached to the placenta by a 
small stalk called the funiculus. 


The place of attachment of the funiculus 
with the main body of the ovule is called the 


hilum. 
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Six diferent types of ovules in angiosperms. A, Orthotropous. 

B, Anatropous, C, Hemitropous. D, Campylotropous. 

E, Amphitropous. F, Circinotropous. 
In a typical. (anatropous) ovule, the 
funiculus is fused with body of the ovule 
lengthwise beyond the hilum. It gives rise to 
a longitudinal ridge called raphe. Funiculus 
contains a vascular strand for the supply of 
nourishment to the ovule. 
The ovule contains a mass of thin walled 
parenchymatous cells called nucellus. 
The nucellus is protected by one or two 
multicellular coats called integuments. The 
basal portion of the nucellus from where the 
integuments appear is called chalaza. A small 
opening is left at the apex of integuments 
known as micropyle. 


Embryo sac or female gametophyte is 
embedded in the micropylar half of the 
nucellus. This makes the most important 
part of the mature ovule. It is the embryo sac, 
which bears the embryo later on. 


Formation of megaspore (n) from megaspore 
mother cell (2n) by meiosis inside the ovule 


is called megasporogenesis. 


Only one magaspore mother cell remains 
functional and other 3 degenerate. This 
functional megaspore develops into a female 
gametophyte. This method of embryo sac 
formation from a single megaspore is called 
monosporic development. 


The functional megaspore is the first cell 
of female gametophyte. The nucleus of 
magaspore divides mitotically to form 
8 nuclei and give rise to embryo sac or 
female gametophyte. This process is called 
megagametogenesis. 
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Self pollination 
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. . = ä ywer to the stigma , 
e [tisthe process where pollen grains are transferred from the anther ofa flc gme of cithe, 
the race indefinitely. 













Self pollination maintains the parental characters or purity of 












Xenogamy 
(Cross Pollination) 









Autogamy 
Transfer of pollen grains 
from anther to stigma of 
same flower. 


e ‘Transfer of pollen grains 
from anther of One 
flower to the Stigma 
of enetically different 
flower of same species 


























Geitonogamy 
Transfer of pollen 
grains from anther of 
inal flower to stigma 
jot another flower Af 
present in the same | Aif 
inflorescence or in the} — 
same plant. 


e Also known as cross 

pollination or allogamy 
e Dichogamy, dicliny, 

herkogamy, heterostyly 
and self sterility ensure 
cross-pollination in 
bisexual flowers. 
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Fig.: Types of pollination 







Agents of pollination Pollen - Pistil Interaction 


© The ty@nsfer Apn grains from plant to © Pollen - pistil interaction is a safety measure 
plant in cross pollination takes place through 


biotic agencies (living agencies) or through 
abiotic agencies (non-living agencies). 


Agents of cross pollination 


to ensure that illegitimate crossing do not 
occur. It checks the promotion or inhibition 
of pollen growth. Pollen grains of a number 
of plants may settle over a stigma but only 


Biotic the right pollen belonging to same species 

@ Anemophily (by| |e Entomophily (by insects), would germinate while others fail to do 

wind), €.g., e.g., Aristolociua, Salvia, etc. So. Compatibility and incompatibility of 
Palm, Zea mays. | }@ Ornithophily (by birds), , 

@ Hydrophily (by e.g., Bombax, Bignonia etc. the pollen-pistil is determined by special 

water), e.g., e Chiropterophily (by bats), proteins. The compatible pollens are able to 

Vallisneria, e.g., Kigelia, Adansonia etc. absorb water and nutrients from the surface 

LRRREA. . pai ea CE DOANE of the stigma. They germinate and produce 

@ Myrmecophily (by ants), pollen tubes. Pollen tubes grow into the style 


e.g., some members of Their growth and path through the style are 


Rubiaceae. j 
also determined by specific chemicals. 
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Significance of pollination 


> 


> 


Pollination is a means of taking the male 


gametophyte for its growth near the female 
gametophyte. 


Pollen-pistil interaction determines the 
suitability of pollen for carrying out the 
process of sexual reproduction. 

It has freed the seed plants from the 
dependence on external water during 
fertilisation. 

It can be manipulated to produce pure lines 
as well as desired varieties. 


FERTILISATION 


© 
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The fusion of male and female gamete is 
called fertilisation. 


The fertilisation involving formation of 
pollen tube as in seed plants is called 
siphonogamy. On reaching the ovary, the 
pollen tube grows towards one of the ovules. 


The pollen tube enters the ovule ĉither 
through its micropyle (porogamy-e.g., lily) 
or chalaza (chalazogamy e.g.,, Betula) or 
integuments (mesogamy e., Cucurbita). 
Irrespective of the place of entry into ovules, 
the pollen tube enters the embryo sac 
through the micropylar region. 


Inside the embryo sac, one male gamete fuses 
with the egg to form the zygote (2n), the 
process is known as syngamy or generative 
fertilisation. The second male gamete fuses 
with 2 polar nuclei or secondary nucleus to 
form triploid primary endosperm nucleus, 
the process is known as triple fusion or 
vegetative fertilisation. 

The zygote develops into embryo and 
primary endosperm nucleus develops into 
endosperm. 

The occurrence of syngamy and triple fusion 
simultaneously in angiosperms is called 
double fertilisation. Double fertilisation 
was first reported by S.G. Nawaschin (1898) 
in Fritillaria and Lilium. 
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POST-FERTILISATION : STRUCTURE AND 
EVENTS 


@ The events of endosperm and embryo 
development, maturation of ovule(s) into 
seeds and ovary into fruit, are collectively 
termed as post-fertilisation events. 


Endosperm 


© As a consequence of.triple fusion in which 
a male gamete fuses with the secondary 
nucleus, a triploid structure called primary 
endosperm nucleus (PEN) is formed that 
divides by mitotic divisions and forms a mass 
of nutritive cells called the endosperm. 


© Endosperm development precedes embryo 
development. Endosperm accumulates food 
reserves and functions as the nutritive tissue 
for the developing embryo. 


Nuclear 


Most common type of endosperm, 
the primary endosperm nucleus 
(PEN) divides repeatedly without wall 


formation and then multinucleate 
cytoplasm undergoes cleavage and 
forms multicellular tissue e.g., Cocos 
nucifera. 












Cellular 
Every division of PEN is followed by 
cytokinesis e.g., Balsam, Petunia. 


= 
© 
d: 
3 
z 
im 
£ 
U 
© 


Helobial 

The endosperm is of intermediate 
between cellular and nuclear type. 
The first division of PEN is followed 


by transverse cytokinesis but the 
subsequent divisions are free nuclear 
e.g, Order helobiales and most 


monocots. 
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Embryo 


© After fertilisation, the fertilised egg is called 
zygote or oospore which develops into an 


embryo. 
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Thi - o is 
Ihis process ol development ol embry 


called embryogenesis. 


Ihe oospore before entering a 
I riod í 
ol embryogenesis undergoes al perl f p 

: i 7 to IE 
rest which may vary trom few hours t 


months. 

nicropy! 
ote is situ 
certain 


Embryo develops at the ı 
ated. 


the embryo sac where the zyZ 
Most zygotes divide only after 
amount of endosperm is formed. 

- aq S 
ledonous embryo consist 
and two cotyledons: 


e the level 


A typical dicoty 
of an embryonal axis 
The part of embryonal axis abov 
of cotyledons is called epicotyl. It 
with the stem tip, called plumt 
shoot). The part below the level of 
is called hypocotyl which termin 
root tip called radicle (future root). Thap ot 
tip is covered with a root cap (calyptra)- In 
monocotyledons, there 1s only one terminal 
cotyledon situated towards lateral side of 
the embryonal axis called scutellum (shield 
shaped) e.g., grass family. At its lower end, 
the embxyonal axis has radicle and root cap 
an undifferentiated sheath called 
coleorhiza. The part of axis above scutellum 
attachment. is called epicotyl. It has shoot 
apex and few leaf primordia enclosed in 
hollow foliar structure called coleoptile. 
The early development of dicot and monocot 
embryos is similar upto globular stage. 


terminates 
ile (future 
cotyledons 
ates in the 


enclosed in 


SEED 


Q Ripened ovul 


es are known as seeds. A true 
seed is defined as a fertilised mature ovule 
that possesses an embryonic plant, stored 
food (sometimes absent) and a protective 


coat or coats. 

Integuments of ovule harden as tough 
protective seed coat. Outer integument 
forms testa and tegmen develops from the 


inner integument. 
Funiculus (stalk of ovule) forms stalk of the 


seed. Ultimately, stalk withers and leaves 


the process 


ar end of 
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pea gram etc. 
Methods of seed dispersal 


ency of wind. Wind dispersed seeds), 


-nersal by the ag | 
sper r, light weight body etc 
‘i 


i | i ings, hai 
modifications like wings. 

Moring@ Acer etc. 
agency of watr. Seeds and fruits de. 
: ‘ its dev 


like spongy VF fibrous coats and are y 


ut, lotus etc. 


[ Zoochory_ 


y Animals including human beings. 


pispersal by the 


floating devices 
proof e.g.» cocon 


Dispersal b 


Seeds have spines, hooks etc., which cling to anr 
andare carried to distant places, e.g., Xanthus 


bodies 
Tribulus etc. 
Endozoochory 
Fruits have edible pulp. Seeds if big are thrown am 


e.g., mango and if small, are eaten along with fruitszs 


passed out undigested in faeces, €.g., mulberry, gus" 
In this way, get dispersed to distant places. 


Dispersal by explosive mechanism. F 
compression or release of pressure to throw oF scatter © 
seeds to a distance away from the mother plant, 4 


Impatiens, Bauhinia etc. 


ruits burst dus ¥ 


FRUITS 
© A fruit isa seed containing part of a 


a rS s from a fertilised ov" ” 
n from other tissues that surrou? ib 


>>: A se J 
P udocarp or accessory fruit or * 
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fruit is a fruit whose flesh is derived from the 
ovary, along with some other floral part like 
thalamus, e.g., apple, strawberries. 


Epicarp, called the skin of fruits. 
Mesocarp, middle fleshy and pulpy part. 
Endocarp, innermost portion that surrounds 


© VVV 


© A eucarp or true fruit is a fruit which the seeds. . | 
is developed only from the ovary after Fruits can be simple fruit (develops from 
fertilisation, e.g., mango. monocarpellary ovary), aggregate fruit 
à (develops from multicarpellary apocarpous 
@ The wall covering the fruit is called pericarp. ovary) and composite fruits (develops from 
It consists of three parts : a complete inflorescence). 


SPECIAL MODES OF REPRODUCTION 


Ft 


Polyembryony Apomixis 






















Parthenocarpy 
Parthenocarpy (Gk.parthenos-virgin, 
karpos-fruit) is the formation of fruit 
without fertilisation and pollination. 
However in some cases a pollination 
stimulus is required. The fruit 
produced due to parthenogenesis 
may or may not be seedless depending 
upon the occurrence of apomixis and 
subsequent development of embryo. 
When seeds are formed, they are 
abortive. 

Parthenocarpic fruits are produced 
normally in many cultivated plants 
such as banana, grapes and pineapple. 
These fruits may be produced due to 
(i) absence of pollination, (ii) failure 
of fertilisation or (iii) lack of embryo 
development. 





























Apomixis may be defined 
as, “abnormal kind of 
sexual reproduction 
which does not involve 
meiosis and syngamy. 
The egg or other cells 
associated with egg 
(synergids, > antipodals, 
etc) develop into 
embryo. Thus, there is 
development» of seed 
without fertilisation. 

Recurrent agamospermy 
and adventive embryony 
are two common methods 
of apomictic development 
in seeds. 


The phenomenon of occurrence 
of more than one embryo ina 
seed is called polyembryony, 
e.g., lemon, groundnut. 
Occurrence of polyembryony 
due to fertilisation of more 
than one egg is called simple 
polyembryony. Formation 
of extra embryos through 
sporophytic tissue is called 
adventive polyembryony. 

Polyembryony was first reported 
by Leeuwenhoek (1719) in the 
seeds of orange. In angiosperms, 
it is generally present as unusual 
feature except few cases like 
Citrus, mango etc. 





2.2 Pre-fertilisation : Structures and 


Events 


(1 mark) 


10. 


11. 





A 
These pictures show the gynoecium of (A) 
Papaver and (B) Michelia flowers. Write the 
difference in the structure of their ovaries. 

(Delhi 2015C) 


Name the part of the flower which the tassels 
of the corn-cob represent. (AI 2014) 


Give an example of a plant. which came into 
India as a contaminant and is a cause of 
pollen allergy. (AI 2014) 


What is pollen-pistil interaction and how is it 


mediated? (Foreign 2014) 


State the function of filiform apparatus found 
in mature embryo sac of an angiosperm. 


(Foreign 2014) 
Differentiate between xenogamy and 
geitonogamy. (1/3, AI 2014C) 


Ananther with malfunctioning tapetum often 
fails to produce viable male gametophytes. 
Give any one reason. (1/3, Delhi 2013, 2010) 


How do the pollen grains of Vallisneria 
protect themselves? (AI 2012) 


Write the function of tapetum in anthers. 
(1/3, Delhi 2012) 


Explain the function of germ pores. 
(AI 2012) 


Write the characteristic features of anemo- 
philous flowers. (AI 2012C) 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 
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son why anthers of angiosperm 
described as dithecous. 


Give rea 
flowers are 


n any one application of a Pollen 
(1/3, Delhi 2011C) 


All papaya plants bear flowers but fruits are 
seen in some. Explain. (AI 2011¢) 
characteristic features of anther 


of wind pollinated flower, 
(1/3, Delhi 2010) | 


Mentio 
bank. 


Write the 
pollen and stigma 


A bilobed, dithecous anther has 100 microspore 
mother cells per microsporangium. How 
many male gametophytes this anther cap 
produce? (Delhi 2010) 


Why do the pollen 
a mucilaginous covering? 
The microscopic pollen grains of the past are 
obtained as fossils. Mention the characteristic 


of the pollen grains that makes it happen. 
(Delhi 2009) 


grains of Vallisneria have 
(Delhi 2010C) 


Name the type of flower which favours cross 


pollination. (AI 2009) 


Why is bagging of the emasculated flowers 


essential during hybridisation experiments? 
(AI 2009) 


The following statements (a), (b) and (c) seem 

to describe the water-pollinated submerged 

plants. Which one of these statements is 

incorrect? 

(a) ‘The flowers do not produce nectar. 

(b) The pollen grains have mucilaginous 

covering. 

(c) The brightly coloured female flowers 

have long stalk to reach the surface. 
(Foreign 2009) 


How can pollen grains of wheat and rice 
which tend to lose viability within 30 minutes 
of their release be made available months 
later for breeding programmes? 

(Delhi 2009C) 
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23. A mature embryo sac in flowering plant may 


24. 


25. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


possess 7-cells, but 8-nuclei. Explain with the 
= ) i ’T. Pe 7 
help of diagram only. (Delhi 2017) 
A pollen grain in angiosperm at the time of 
dehiscence from an anther could be 2-celled 
or 3-celled. Explain. How are the cells placed 
within the pollen grain when shed at a 
2-celled stage? (Al 2017) 


List the different types of pollination 
depending upon the source of pollen grain, 
2/5, Delhi 2016) 


Angiosperms bearing unisexual flowers are 
said to be either monoecious or dioecious. 
Explain with the help of one example of each. 
(Delhi 2016) 
A single pea plant in your kitchen garden 
produces pods with viable seeds, but the 
individual papaya plant does not. Explain. 
(AI 2016) 


Gynoecium of a flower may be apocarpous 
or syncarpous. Explain with the help of an 
example each. (AI 2016) 


Why do hermaphrodite angiosperms develop 
outbreeding devices? Explain any two such 
devices with the help of examples. (AI 2015C) 


Name the organic materials exine and intine 
of an angiosperm pollen grain are made up 
of. Explain the role of exine. (Delhi 2014) 


Draw a diagram of a matured microspore of 
an angiosperm. Label its cellular components 
only. (Foreign 2014) 


(a) How does cleistogamy ensure autogamy? 


(b) State one advantage and one disadvantage 
of cleistogamy to the plant. (Delhi 201 3) 


Geitonogamous flowering plants are 
genetically autogamous but functionally 
cross-pollinated. Justify. (Delhi 2013) 


Name all the haploid cells present in 
an unfertilised mature embryo-sac of a 


flowering plant. Write the total number of 
(AI 2013) 


cells in it. 


Differentiate between the two cells enclosed 


in a mature male gametophyte. of an 
(AI 2013) 


angiosperm. 


36, 


Je: 


38. 


3 


40. 


41. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 
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Draw a labelled diagram of a mature pollen 
gran., (2/5, Delhi 2013C) 


Explain the sequence of events in pollen- 
pistil interaction. (Delhi 2013C) 
Draw labelled diagram of a mature ovule and 


embryo sac with its contents. 
(2/5, Delhi 2013C) 


structure of mature 
(AI 2013C, 2/5) 


List the adaptive features of water pollinated 
flowers like Vallisneria. (Delhi 2013C) 


State one advantage and one disadvantage of 
cleistogamy. (2/5, Delhi, AI 2012) 


Where is sporopollenin present in plants? 
State its significance with reference to its 
chemicalh.nature. (Delhi 2012) 


How. does the study of different parts of 
a flower help in identifying wind as its 
pollinating agent? (AI 2012) 
from 


Draw the labelled 


embryo sac, 


Trace pollen grain development 


sporogenous tissue in the anther. 
(Delhi 2012C) 


What is the role of endothecium and tapetum 
in an anther? (AI 2012C) 


Differentiate between autogamy, geitonogamy 
and xenogamy. (2/5, AI 2012C) 


Why does a breeder need to emasculate a 
bisexual flower? Mention a condition in a 


flower where emasculation is not necessary. 
(Delhi 2011C, 2009C) 


Explain why emasculation and bagging are 
practised during artificial hybridisation 


programme involving plants bearing bisexual 
flowers. (Delhi 2011C) 


Mention an advantage and a disadvantage of 
a cleistogamous flower. (AI 2011C) 


(a) Mention any four strategies adopted by 
flowering plants to prevent self-pollination. 

(b) Why is geitonogamy also referred to as 
genetical autogamy? (Delhi 2010) 


Explain the process of artificial hybridisation 
to get improved crop variety in (a) plants 
bearing bisexual flowers (b) female 


parent producing unisexual flowers. 
(2/5, Delhi 2010) 
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52. H 
. O ‘ , r j j 
wW many haploid cells are present in 


ie female gametophyte of a flowering 
Plant? Name them. (Delhi 2010) 


In the given figure of embryo sac label the 
Parts (1), (2), (3) and (4). 


S3; 
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(AI 2010) 


54. Identify and label the parts in the given 
anatropous ovule. 





(AT 2010C) 


55. In the T.S. of a mature anther given below 
identify ‘a and ‘b and «mention»stheir 
functions. 





(Foreign 2009) 


56. Explain how geitonogamy is functionally 
similar to cross pollination and genetically 
similar to autogamy. (AI 2009C) 


57. Draw the longitudinal section of pistil 
showing pollen tube. (AI 2009C) 


58. Cleistogamous flowers of Commelina are 
invariably autogamous. Mention its one 
advantage and one disadvantage to the plant. 

(AI 2009C) 


59, (a) Draw a schematic diagram of T.S. of a 
mature anther. Label only the layers that help 
in dehiscence of the anther to release pollen 


grains. 


a 
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Can a plant flowering in Mumb 


er? 
nuous layer: 


: | a 
oe: > ate by pollen grains of the te, 
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species growing 
ations to your answer. 
the diagram of a pistil wi 
pollination has successfully occurred. Labs 
the parts involved in reaching the 
gametes tO its desired destination. 


Ovide 
explan 
(b) Draw 


Male 
(a) Name the organic material exine 
the pollen grain is made up of. How j, a 
matefial adyantageous to pollen grain? ” 
(bà Still it iàobserved that it does not fom 
a continuous layer around the pollen ka 


Give reason. , 
(c) How are ‘pollen banks’ useful? 


(AI 2016; 

62. Draw a labelled diagram of a typica 
anatropous ovule. (Delhi 2014, 

63. Make a list of any three outbreeding device, 
that flowering plants have developed a: 
explain how they help to encourage cros. 
pollination. (AI 2014) 

64. Why are angiosperm anthers calleg 
dithecous? Describe the structure of in 
microsporangium. (AI 2014) 

65. Write the differences between wind 


pollinated and _ insect-pollinated flowers 
Give an example of each type. (Foreign 2014) 


6l. 


66. Describe the structure of a mature mic- 
porangium of an angiosperm. (3/5, Al 20140 


67 Describe the characteristic features of win 
pollinated flowers. (3/5, Delhi 2013 


68. Draw a diagram of a mature embryo sac af 
an angiosperm and label the following pa 
in it. 

(a) Filiform apparatus (b) Synergids 

(c) Central cells (d) Egg cell 

(e) Polar nuclei (f) Antipodals 
(3/5, Delhi 201- 


69. Draw L.S. of a pistil showing pollen tubs 
entering the embryo-sac in an angiospel™ 
and label any six parts other than stig™ 
style and ovary. (3/5, Al 201? 
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70. 


72. 


73. 


74. 


Ja: 


76. 


77. 


78. 


79. 


80. 


81. 


Explain the process of microsporogenesis in 


angiosperms. (3/5, Delhi 2013C) 


Explain the process of mepasporogenesis in 


angiosperms. (3/5, Delhi 2013C) 


Write the mode of pollination in Vallisneria 
and water lily. Explain the mechanism of 
pollination in Vallisneria. (AI 2013C) 


Describe the process of megasporogenesis in 
angiosperms until 8 nucleate stage. 
(3/5, AI 2013C) 


Describe the structure of a 3-celled pollen 


grain of an angiosperm. (3/5, Delhi 2012C) 


Explain the processes of emasculation and 
bagging of flowers. State their importance in 


breeding experiments. (Delhi 2012C) 


Describe the development of a 7-celled 
female gametophyte from a megaspore 
mother cell in an angiosperm.(3/5, AI 2012C) 


Explain any three outbreeding devices, in 


flowering plants. (AI 2012C) 


Draw a diagram of a male gametophyte of 
an angiosperm. Label any four parts. Why is 
sporopollenin considered the most resistant 


organic material? (Delhi 2011) 


Differentiate between geitonogamy and 
xenogamy in plants. Which one between the 
two will lead’to inbreeding depression and 
why? (Delhi 2011) 
Draw a diagram of a vertical section of an 
anatropous ovule of an angiosperm. Label 
the following parts: 
(a) Hilum 

(c) Outer integument (d) Nucellus 


(e) Embryo sac (f) Antipodals. 
(AI 2011C) 


(b) Micropyle 


(a) Mention the exact location or the site 
in a flowering plant where the following 


developments take place. 

(i) Deposition of sporopollenin 

(ii) Megasporogenesis 

(b) Draw a labelled diagram of a male 


gametophyte ofan angiosperm. (AI 201 1C) 


Paes a e 


82. 


83. 


84, 


85, 
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Draw a labelled 1.5. of pistil showing path of 


pollen tube entering the embryo sai 
(Al 20116) 


Explain the characteristic features of lowers 


that facilitate wind-pollination 
(Delhi 20116) 


lrace the development of megaspore mother 
cell up to the formation of a mature embryo 


sac in a flowering plant, (Delhi 2010) 


Draw a longitudinal section of a post 
pollinated pistil showing entry of pollen tube 
into a mature embryo-sac, Label filiform 
apparatus, ¢halazalyend, hilum, antipodals, 


male gametes and secondary nucleus. 
(Delhi 2010) 


(5 marks) 


86. 


87. 


88. 


89. 


90. 


(a) Describe any two devices in a flowering 
plant which prevent both autogamy and 
geitonogamy. 

(b) Explain the events 
fertilisation after the pollen tube enters 


one of the synergids in an ovule of an 
(2018) 


upto double 


angiosperm. 
(a) Draw a labelled diagram of the sectional 
view of microsporangium of an angiosperm. 
(b) Explain the development of male 


gametophyte in the microsporangium. 
(Delhi 2015C) 


(a) Describe the sequence of the process of 
microsporogenesis in angiosperms. 


(b) Draw a labelled diagram of a two celled 
final structure formed. (Delhi 2015C) 


Angiosperm flowers may be monoecious, 
cleistogamous or show self-incompatibility. 
Describe the characteristic features of 
each one of them and state which one of 
these flowers promotes inbreeding and 
outbreeding respectively. (Delhi 2014C) 


(a) Describe the formation of mature female 


gametophyte within an ovule in angiosperms. 


(b) Describe the structure of the cell(s) that 
i the pollen tube to enter the embryo 
—e P (AI 2014C) 


sac. 
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91. (a) Draw a longitudinal section of a pistil 
Of an angiosperm showing the growth of the 
pollen tube up to the micropyle of the ovule. 
Label (i) stigma, (ii) embryo sac, 
(tii) pollen tube (iv) micropyle. 

(b) Explain the events that occur, upto 
fertilisation, when the compatible pollen 
grain lands on the stigma. (AI 2014C) 


92. (a) Draw a labelled schematic diagram of 
the transverse section of a mature anther of 
an angiosperm plant. 

(b) Describe the characteristic features of 
an insect pollinated flower. (Delhi 2013) 


(a) Describe the process of Megasporogenesis 
in angiosperms until 8 nucleate stage. 

(b) Draw the labelled structure of mature 
embryo sac. (AI 2013C) 


24. How does the megaspore mother cell 
develop into 7-celled, 8 nucleate embryo sac 
in an angiosperm? Draw a labelled diagram 
of a mature embryo sac. (Delhi 2012) 


95. (a) Draw a labelled diagram of a transverse 


section of a mature anther of an angiosperm 
showing different wall layers. 


93. 


(b) Mention the function of each of these 
wall layers during pollen grain development. 

(Delhi 2012C) 
Draw a diagram) of an enlarged view 


of T.S. of one microsporangium of an 
angiosperm and label the following parts: 

(i) Tapetum 

(ii) Middle layer 

(iii) Endothecium 

(iv) Microspore mother cells 


(b) Mention the characteristic features and 
function of tapetum. 


(c) Explain the followin 
(i) Pollen grains are 


96. (a) 


g giving reasons: 
well preserved as 


fossils. 

(ii) Pollen tablets are in use by people these 

days. (Foreign 201] ) 
97. (a) Differentiate between 


autogamy, 


geitonogamy and xenogamy? 
(b) Explain the e 


(AI 2011C) 
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ence the events that lead to 
u 
n sey 


f a 3-celled pollen grain 
O i 
other cell in angiosperms 

(Detht, AI 2010) 


i 
. Describe l 
5 the develop™* nt 


i tT 
from microspors 


> > process of 
scribe in sequence the pen of 
i, e opii in angiosperms | 
an Wt DOA g r 
megasp the seven-celled structure formed 
Draw l n s > * pa _ 
m abel all the difterent cells 


„amy is#funxtionally a cross 
og ) ` 


100. (a) Geiton but qeneti€ally similar to 


pollination r 
r Explain. 
ROSE ering plants need to 
b) Why do flowering | A 
; levices. Explain any 
develop outbreeding de \ an 
three such devices developed by flowering 
aree | 
> (Al 2010C) 
101. How does the pollen mother cell develop 
ga a mature pollen grain? Ilustrate the 
stages with labelled diagrams. (Delhi 2009) 
102. Explain with the help of a diagram the 
development of a mature embryo sac from a 
megaspore mother cell in angiosperm. 
(Delhi 2009) 
103. Draw a labelled diagram of an anther lobe at 
microspore-mother cell stage. Mention the 
role of different wall layers of anther. 
(Delhi 2009C) 
2.3 Double Fertilisation 


EHM « mark) 


104. Mention the exact location or the site 


in a flowering plant where the following 
developments take place. 


(a) Triple fusion 
(b) Release of male gametes( 1/3, 
105. What is double fertilisation? 


ISAIT (2 marks) 





AI 2011C) 
(Delhi 2009C) 


g (Delhi 2015C) 
107. Write the fate of egg cell an 


after fertilisation. i rlija 
c Á ` 


kal 
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108. In angiosperms, zygote is diploid while 
primary endosperm cell is triploid. Explain 
(AI 2013) 


109. Explain triple fusion in angiosperm 
(Delhi 2013C) 


110. Draw a labelled diagram of a male 
gametophyte of an angiosperm. Why does 
it possess two male gametes to fertilise one 
ovule? (AI, Delhi 2013C) 

, Why is fertilisation in an angiosperm referred 


to as double fertilisation? Mention the ploidy 
of the cells involved. (2/5, Delhi 2012C) 


Describe the process of syngamy and triple 
fusion in an angiosperm. (2/5, Delhi 2011C) 


— 
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112. 


Mention the reasons for difference in ploidy 
of zygote and primary endosperm nucleus in 


113. 


an angiosperm. (Delhi 2010) 
WI (3 marks) 
114. Explain the phenomenon of double 
fertilisation. (3/5, AI 2014) 


115. Why is fertilisation in angiosperms referred 
to as double fertilisation? Explain, 
(3/5, AI 2013C) 
116. In an angiosperm, the embryo sac is haploid, 
zygote is diploid and endosperm is triploid. 
Justify giving reasons for each stage. 
(AI 2009C) 


94 Post-fertilisation : Structures 
and Events 


SVG (1 mark) ee 


117. Mention the function of coleorhiza. 
(Delhi 2015C) 


ate between parthenogenesis and 


118. Differenti 
(1/3, Al 2014 C) 


parthenocarpy. 
119. Why is banana referred to asa parthenocarpic 
fruit? (AI 2013 C) 


120. The meiocyte of rice has 24 chromosomes. 
Write the number of chromosomes in Its 
endosperm. (AI 2013C, Foreign 2009) 


121. Write the function of scutellum. 


(1/3, Delhi 2012) 


122. Explain the function of coleorhiza. 






123. 


124. 


125. 


126. 





127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 
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Why is banana considered a good example of 
parthenocarpy? (AI 2012) 


What is pericarp? Mention its function. 
(AI 2011C) 


Name the mechanism responsible for the 
formation of seed without fertilisation in 
angiosperms. Give an example of a species of 
flowering plants with such seed formation. 
(Delhi 2010C) 


Name the part of flower that contributes 


to fruit formation in strawberry and guava 
respectively. (AI 2009C) 


Í (2 marks) > | 
A non biology person is quite shocked to 
know that apple is a false fruit, mango is a 
true fruit and banana is a seedless fruit. As 
a biology student how would you satisfy this 
person? (Delhi 2015) 
Banana fruit is said to be parthenocarpic 


whereas turkey is said to be parthenogenetic 
why? (Delhi 2015C) 
Write the difference between the tender 
coconut water and the thick white kernel of a 


mature coconut and their ploidy. (AI 2015C) 


Draw a labelled mature stage of a 
dicotyledonous embryo. (2/5, AI 2014) 


Some angiosperm seeds are said to be 
‘albuminous’, whereas few others are said to 
have a perisperm. Explain each with the help 
of an example. (Foreign 2014) 


Banana crop is cultivated by farmers without 


sowing of seeds. Explain how the plant is 
propagated. (Delhi 2014C) 


Draw a labelled diagram of a matured 
embryo of a dicotyledonous plant. 
(AI 2014C) 


Write the changes a fertilised ovule undergoes 


within the ovary in an angiosperm plant. 
(AI 2013) 


(a) Describe the endosperm development 
in coconut. 

(b) Why is tender coconut considered 
healthy source of nutrition? 

(c) How are pea seeds different from castor 


seeds with respect to endosperm? (AI 2013) 
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136. Write the fate of the products of triple fusion 
in the mature fruit of coconut. (Delhi 2013C) 


137. Draw a labelled diagram of the L.S. of a 
monocot seed (maize grain). (2/5, AI 2013C) 
138. Draw a labelled diagram of a mature dicot 
embryo. (AI 2012C, Delhi 2010C) 


139. Differentiate between albuminous and non- 
albuminous seeds, giving one example of 
each. (Delhi 2011) 


140. Describe the development of endosperm in 
coconut. (AI 2011C) 


141.(a) Given below is a TS. of an apple. 
Identify A, B and C. 





Mesocarp 


(b) Why is an apple categorised as a false 
fruit? (Delhi.2010C) 


142. Name the cell from which'the endosperm of 
coconut develops, Give the characteristics of 
endosperm of coconut. (Delhi 2009) 


143. Banana is a parthenocarpic fruit whereas 
oranges show polyembryony. How are they 
different from each other with respect to 
seeds? (Delhi 2009) 


144. Draw a vertical section of a maize grain 
and label (a) pericarp, (b) scutellum, (c) 


coleoptile and (d) radicle. (AI 2009) 
145. Draw a labelled typical dicot emrbyo. 
(AI 2009) 


146. What do you technically call the water that 
you drink and the kernel that you eat in a 
tender coconut? (AI 2009C) 


EEVNIM (3 marks) 


147. Differentiate between parthenocarpy and 


parthenogenesis. ‘Given | one example of 
each. fie (2018) 


pinay 
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148. Explain the post- -pollination events leading 
to seed production in angiosperms. 
(Delhi 2016, 


149. Double fertilisation is reported in plan), 
of both castor and groundnut. However 
the mature seeds of groundnut are non. 
albuminous and castor are albuminoy, 
Explain the post fertilisation events that are 
responsible for it. 

(Delhi 2015) 

150. Describe the development of endosperm 
after double fertilisation in an angiosperm 
Why does éndosperm development precedes 
that of zygote? (Delhi 2015) 

151. Explain the development of a mature embryo 
from the embryo sac of dicot flower. 

(Delhi 2015C) 

events in 
(Delhi 2014) 


152. List, the 
angiosperms. 


post-fertilisation 


153. Explain any three advantages the seeds offer 
to angiosperms. (Delhi 2014) 


154. Name the two end products of double 
fertilisation in angiosperms. How are 
they formed? Write their fate during the 
development of seed. (Delhi 2014C) 

155. Draw a diagrammatic sectional view of 
a mature anatropous ovule and label the 
following parts in it. 

(a) that develops into seed coat 


(b) that develops into an endosperm in an 
albuminous seed 


(c) that develops into an embryo after 
fertilisation 


(d) through which the pollen tube enters 
into the embryo sac 
(e) that attaches the ovule to the placenta 
(Delhi 2013) 
156. How is parthenocarpy different from 
parthenogenesis? Give an example of each. 
(Delhi 2013C) 
157. Draw a neat labelled sketch of L.S. of an 
endospermous monocot seed. (Al 2012) 


158. Differentiate between perisperm and 
endosperm giving one example of each. 
(AI 2012) 
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159. L.S. of a maize grain is given below. Label the 
parts A, B, C and D in it. 





(AI 2012) 
160. (a) Give one example each of albuminous 
and non-albuminous seeds. 
(b) Name the parts of the ovule and the 
embryo sac of an angiosperm that develop 
into: (i) perisperm, (ii) seed coats, (iii) 
endosperm, (iv) embryonal axis. 
(Delhi 2012C) 
161. Explain how false, true and parthenocarpic 
fruits are different from each other. Give one 
example of each. (Delhi 2012C) 
162. Draw a neat labelled sketch of L.S. of an 
endospermous monocot seed. (Delhi 2012C) 
163. Draw a labelled diagram of L.S of -an 
embryo of grass (any six labels). 
(3/5, Delhi 2011) 
164. Differentiate between the following giving 
one example of each: 
(a) Parthenogenesisand Parthenocarpy 
(b) Perisperm and Pericarp (Delhi 2011C) 
165. Explain the development of fertilised egg cell 
upto a mature embryo in a dicot plant. Draw 


a labelled diagram of a mature dicot embryo. 
(3/5, Delhi 2011C) 


166.(a) Draw a labelled sectional view of an 
albuminous seed. 
(b) How are 
flowering plants? 


167. 


advantageous to 
(Delhi 2010) 


seeds 
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(a) Identify the figure. 

(b) Name the initial cell from which this 
structure has developed. 

(c) Draw the next mature stage and label 
the parts. (Foreign 2009) 


(5 marks) 


168. Read the following statement and answer the 
questions that follow : “A guava fruit has 200 
viable seeds.” 

(a) What are viable seeds? 
(b) Write the total number of: 
(i) Pollen grains (ii) Gametes 

in producing 200 viable guava seeds. 
(c) Prepare a flow chart to depict the post- 
pollination events leading to viable-seed 
production in a flowering plant. 

(Delhi 2017) 


169. A flower of tomato plant following the 
process of sexual reproduction produces 200 
viable seeds. 

Answer the following questions giving reasons. 
(a) What would have been the minimum 
number of ovules present in per pollinated 
pistil? 

(b) How many microspore mother cells 
would minimally be required to produce 
requisite number of pollen grains? 

(c) How many pollen grains must have 
minimally pollinated the carpel? 

(d) How many male gametes would have 
used to produce these 200 viable seeds? 

(e) How many megaspore mother cells 
were required in this process? (Delhi 2015) 


170. A flower of brinjal plant following the 
process of sexual reproduction produces 360 
viable seeds. 

Answer the following questions giving 
reasons: 
(a) How many ovules are 
involved? 


minimally 


(b) How many megaspore mother cells are 
involved? 

(c) What is the minimum number of 
pollen grains that must land on stigma for 
pollination? 
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171. 


172, 


i735. 


174. 


(d) How many male gametes are involved 
in the above case? 

(e) How many microspore mother cells 
must have undergone reduction division 
prior to dehiscence of anther in the above 
case? (Delhi 2015) 


(a) Explain the events after pollination 
leading to the formation of a seed in 
angiosperms. 


(b) Mention the ploidy levels of the cells of 
different parts of an albuminous seed. 

(Foreign 2015) 
Give reasons why 


(a) most zygotes in angiosperms divide 
only after certain amount of endosperm is 
formed? 


(b) groundnut seeds are exalbuminous and 
castor seeds are albuminous? 

(c) micropyle remains as a small pore in the 
seed coat of a seed? 

(d) integuments of an ovule harden and the 


water content is highly reduced, as the seed 
matures? 


(e) 


fruits? 


apple and cashew are not called true 
(Delhi 2011) 


Explain the development of the zygote into 
an embryo.and of the primary endospermic 
nucleus into an endosperm in a fertilised 
embryo sac of a dicot plant. (AI 2010C) 


(a) Trace the development of embryo after 
syngamy in a dicot plant. 

(b) Endosperm development 
embryo development. Explain. 


precedes 


(c) Draw a diagram of a mature dicot 
embryo and label cotyledons, plumule, 
radicle and hypocotyl in it. (AI 2009) 


2.5 Apomixis and Polyembryony 
(1 mark) 


175. 


176. 


Mention advantage of apomictic seeds to 


farmers. (Al 2014) 


Hybrid seeds have to be produced year after 


4 a i DEFE f teh y $ 9 
ear ive reason ms) k ae B “di — (Delhi 201 1) 
ye eee Pea: | 
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ne embryo develops in one m 
but when an orange seed is squeezed fis 
embryos of different shapes and sizes p. 
seen. Mention how it has happened. 

(Delhi 2011) 


SAIN (2 marks) 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


Suggest the advantage to a farmer for usin 
mictic seeds of hybrid varieties? 


apo | 
(Foreign 2015) 


What is apomixis? How is the phenomenon 
useful to the farmer? (Foreign 2015) 


Explain the different ways apomictic seed can 
develop. Give an example of each. 
2/5, Al 2014 


(a) Why are seeds of some grasses called 
apomictic? Explain. 
(b) State two reasons to convince a farmer 


to use an apomictic crop. (AI 2014C) 


How do plants produce seeds through 
apomixis? Explain with the help of an 


example. (Delhi 2013C) 


Why are some seeds of Citrus referred to as 
polyembryonic? How are they formed? 
(AI 2013C) 


What is apomixis? What is its importance? 
(Delhi 2011C) 


If you squeeze a seed of orange you might 
observe many embryos of different sizes. 
How is it possible? Explain. (Delhi, AI 2010) 


Fertilisation is essential for production 
of seed, but in some angiosperms, seeds 
develop without fertilisation. 

(a) Give an example of an angiosperm that 
produces seeds without fertilisation. Name 
the process. 

(b) Explain the two ways by which seeds 


develop without fertilisation. (AI 2009) 


ESANS (3 marks) 


187. 


State what is apomixis. Comment on its 
significance. How can it be commercially 
used? (Al 2015) 
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188. (a) How is 
parthenocarpy? 


(b) Describe an 
Jes y two modes b i 
apomictic seeds can be produced. (Al DO 
189. With the help of an example of each explain 
the following : Apomixis, Polyembryony. 
(AI 2012C) 


apomixis different from 


i 
e 
í 
i 
: 
(ann -l 
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1. The gynoecium of Papaver is multicarpellary 
and syncarpous (pistils fused together) whereas 
the gynoecium of Michelia is multicarpellary 
and apocarpous (pistils free). In Papaver ovary 
is unilocular to multilocular whereas in Michelia 
ovary is always unilocular. 


4. Tassels of corn cob represent staminate 
inflorescence (cluster of male flowers), so they 
represent androecium (male reproductive part) of 


the flower. 

3, Parthenium or carrot grass is an example of a 
plant which came to India as a contaminant and is 
a major contributor to pollen allergy. 

4. Pollen-pistil interaction is the group of events 
that occur from the time of pollen deposition over 
the stigma to the time of pollen tube entry into 
ovule. The dialogue between pollen grain and the 
pistil is mediated by chemical components of the 
pollen interacting with those of the pistil. 

The pistil has the ability to recognise the pollen, 
whether it is of the right type (compatible) or of 
the wrong type (incompatible). This 1s followed by 


its acceptance Or rejection. 


5. Filiform 
projections whic 
synergid and penetrate into t 
central cell. These are presen 


tip of synergids. They play an importan 
in distribution of nutrients 1n the embryo sac, 
nces that attract pollen tube 
n tube into s nergid and 


‘te. 


apparatus refers finger-like 
h arise from cell wall of the 
he cytoplasm of the 


t at the micropylar 
t role 


secretion of substa 
thereby guiding the polle 
also provide mechanical s 
6. Differences between 


xenogamy — and 
geitonogamy are as follows: a 


Aa. 







trength to synergids. ihe 
» St ae betel ae 7 
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(5 marks) 


190. (a) When a seed of an orange is squeezed, 
many embryos, instead of one are observed. 
Explain how it is possible. 

(b) Are these embryos genetically similar 
or different? Comment. (AI 2017) 





et 
a ee aaa a 
° 


Xenogamy 


It is pollifation|Ità is pollination 
between two flowers| between two flowers 
of different plants. | of the same plant. 


The flowers are|The flowers are 
genetically different. genetically similar. 

It is genetically cross | It is genetically self 
pollination. pollination. 


7. Tapetum is the microsporangial layer 
that provides nourishment to the developing 
microspores. In an anther with malfunctioning 
tapetum, microspores do not get sufficient nutrition 
and hence viable male gametophytes are often not 
produced. 

8. Vallisneria is a water pollinated plant. 
Pollen grains of Vallisneria have a protective 
mucilaginous coat that prevents the water from 
damaging the pollen grains. 

(i) Tapetum nourishes the developing 























(iii) 





9. 

microspores. 

(ii) It produces lipid rich ubisch granules 
containing sporopollenin, pollenkitt, 


proteins etc. 


compatibility recognising 
llase for the separation 


(iii) It secretes enzyme ca 
of microspores. 


10. Germ pores 
pollen grain wher 
sporopollenin is a 
These are the regions where intin 
form a pollen tube after pollination. 

11. The characteristic features of anemophilous 
posed stamens light, small, 
llen grains and large, often- 
tigma to trap air-borne 


are prominent apertures of 
e exine is thin or absent hence, 


bsent and intine is thickened. 
e comes out to 


flowers are well ex 
winged or dusty pO 
feathery and exposed s 
pollen grains. 
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12. Anthers of most angiosperms (flowering 
plants) contain two anther lobes, hence are called 
dithecous. 


13. Pollen banks are used to store pollen grains 
for long time, which can be used in plant breeding 
programmes. In pollen banks, pollens are stored 
in liquid nitrogen at a temperature of - 196°C. 


14. Papaya plant is dioecious plant and bears 
male and female flowers on different plants i.e., 
male plant and female plant. Fruit ts formed by 
the female part of the flower after fertilisation. 
Following double fertilisation, ie., fusion of one 
male gamete with egg cell and the other male 
gamete with secondary nucleus. Ovules turn into 
seeds and ovary turns into fruits, 

As these female structures are found only on 
female papaya plants hence fruits are present 
only on female papaya plant whereas male papaya 
plant only produces gametophytes, ie. pollen 
grains which bear male gametes. 

15. In wind pollinated flowers, anthers are 
exserted and versatile. In some cases like Urtica, 
the anthers burst suddenly to throw the pollen 
grains (gun powder mechanism). 

Pollens of wind pollinated flowers are light, small, 
winged, dry, smooth, nonesticky, unwettable and 
are produced in very large number, 

Stigma of wind pollinated flower is exserted, hairy, 
feathery or branched to catch the wind borne 
pollen grains. The large thread-like stigmas and 
styles of cob of maize hang in air to catch wind 
borne pollens. 

16. Dithecous anther has four microsporangia 
or pollen sacs. This anther will have 400 
microsporé mother cells. As each microspore 
mother cell forms 4 pollen grains, 400 microspore 
mother cells will form 1600 pollen grains (male 
gametophytes). 


17. Refer to answer &. 


18. Sporopollenin is a major component of the 
hard outer layer called exine of pollen grains. 
It is chemically very stable and is usually well 
preserved in soils and sediments. Hence, pollen 
grains of the part are well preserved as fossils. 


19. Unisexual flowers favour cross pollination. 


20. Bagging of th culated 








emas Owers is 





essential to prevent ‘landing ofun pollen 
on the stigma of flowers’ dur satior 
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Therefore, it is clear that a mature embryo sx 
contains 7-cells and 8-nuclei. 

24. At the time of dehiscence, a pollen grain i: 
angiosperm could be 2-celled when it contain 
one tube cell and one generative cell or it coul 
be 3-celled when the generative cell divide 
mitotically to give rise to the two male gamete 
and hence, one tube cell and two male gameti 
make pollen grain a 3-celled structure. At 2-celle 
stage, one small generative cell and one large tul 


cell are placed within the pollen grains, 


25. Based on the source of pollen grai 
pollination can be of following three types: 
(i) Autogamy : Autogamy (self pollination) 
the transfer of pollen grains from anther to t 
stigma of the same flower. 
(ii) Geitonogamy : It is the transfer of poll 
grains from the anther of one flower to the stigr 
of another flower on the same plant. Geitonogat 
is functionally cross-pollination involving 
pollinating agent but genetically it is equivalent 
autogamy since the pollen grains come from ! 
same plant. 
Gathers the vigna ef aut 
Rees veces 1 ee S igma of different plants 
; Ings genetically different tv 
of pollen grains to the stigma. 
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27. Pea pl 
both male 


ms monoecious plant i.e., bearing 
G Aia an female flowers on same plant. 
, gle pea plant can produce viable seed 

after pollination and fertilisation. Howey ; 
a papaya plant is dioecious plant i.e beari 
male and female flowers on different slants and 
requires cross pollination for production of viable 
seeds. Thus, in absence of either stamens or pistils 
fertilisation will not take place and hence viable 
seeds will not be produced. 


28. Gynoecium represents the female 
reproductive part of a flower. Gynoecium is called 
apocarpous if the carpels are free, e.g., Michelia. It 
is called syncarpous if the carpels are fused, e.g., 
Papaver (poppy). 

29. Hermaphrodite angiosperms develop out 
breeding devices to avoid self pollination and 
encourage cross pollination. Two outbreeding 
devices which ensure cross pollination are as 
follows: 

(i) Dichogamy : Anthers and stigmas mature 
at different times in a bisexual flower. It is of two 
types: (a) Protandry: Anthers mature earlier than 
stigma of the same flower. Their pollen grains 
become available to stigmas of the older flowers, 
Salvia. (b) Protogyny : Stigmas 
mature earlier so that they get pollinated before 
the anthers of the same flower develop pollen 
grains, e.g., Mirabilis jalapa, Gloriosa, Plantago. 
(ii) Self sterility (Self incompatibility) : Pollen 
grains of a flower do not germinate on the stigma 
of the same flower due to presence of similar self 
sterile gene (S$; in pistil and Sı or S in pollen 
grain) e.g.» tobacco, potato, crucifers. 

ugh and resistant layer of 
f sporopollenin. Intine is 
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31. Labelled dia i 
gram of mature m 
pollen grain) is as follows: OE 






Tube 
nucleus 


Tube or 
vegetative 


cell 
Generative nucleus 


Generative cell 


Germ pore 


32. (a) Cleistogamy is the condition where 
pollination occurs in closed flowers that do 
not open at all. In such flowers, the anthers and 
stigma lie close to each other. When anthers 
dehisce in the flower buds, pollen grains come in 
contact with the stigma to effect pollination. Thus, 
cleistogamous flowers are invariably autogamous 
as there is no chance of cross-pollen landing on 
the stigma. 

(b) One advantage of cleistogamy is that seed 
setting is assured even in the absence of pollinators 
as pollen on maturity will always reach the stigma 
due to their close placement. 

One disadvantage of cleistogamy is that it does 
not allow cross pollination, thereby restricting 
chances of genetic variability. 


33. Geitonogamy is the transfer of pollen grains 
from the anther of one flower to the stigma of 
another flower of the same plant. It is functionally 
cross pollination involving pollinating agent but 
genetically it is similar to autogamy since the 
pollen grains come from the same plant. 

34. In an unfertilised mature embryo sac of 
flowering plant, six haploid cells are present oo 
two synergids, one €g three antipodals. e 
total number of cells in an unfertilised pe 
embryo sac is seven i.e. two haploid syners S, 
one haploid egg; three haploid antipodals and one 


central cell (containing two polar nuclei). 
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35. Two cells enclosed 
gametophyte of an angios 
generative cell and 


in a mature male 
perm are : a smaller 


cell ( a much larger vegetative 
or tube cell), Generative cell is candle 


shaped to spherical in outline with thin dense 
cytoplasm surrounding a prominent nucleus. 
Vegetative cell has a lobed central nucleus 
that lies in vacuolated cytoplasm packed with, 
starch grains, lipids and proteins. 


36. Refer to answer 31. 


37. Pollen pistil interaction is the group of 
events that occur from the time of pollen 
deposition over the stigma to the time of pollen 
tube entry into ovule. 

As soon as a pollen grain lands on the stigma, 
it is hydrated. As a result of hydration, the 
exine and intine proteins are released on the 
stigmatic surface. The pollen wall proteins bind 
to the stigma surface pellicle (receptor site for 
the pollen wall proteins) within few minutes of 
the contact. 

When pollen is compatible, erosion of the 
cuticle of the stigma papilla begins beneath 
the emerging pollen tube. This is the essential 
preliminary requirement for the penetration of 
the pollen tube. 

In case of incompatible pollination, a callosic 
plug develops between the plasma membrane 
and pectocellulosic layer of the stigmatic 
papillae just below the point of contact with the 
pollen and the growth of pollen tube ceases. 


38. Labelled diagram of ovule and embryo sac 
is as follows : 


Chalaza 
Nucellus 
N Outer integument 
Raphe ANa Inner integument 









Antipodals 
Polar nuclei 


Egg apparatus 


Micropyle 
Funicle 


Fig. Mature anatropous ovule of an angiosperm. 
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39. Refer to answer 38. | 
40. Vallisneria is a submerged dioecious Aquat, 
plant in which pollination takes place by the 
agency of water. The adaptive RIES Of Water 
pollinated flowers of Vallisneria are as follows. 
(i) The male plants produce a large number of 
male flowers. The male flowers abscise and rise k 
the surface where they float. Ea 
(ii) The male flowers have two fertile stamens 
Two of their tepals form a boat-shaped Structure 
while the third one functions as a sail, 
(iii) The female plants bear long stalked Solitary 
pistillate flowers. The mature female flowers are 
brought to the surface of water by the elongation 
of their stalkssbhey have large sticky trifid stigmas, 
(iv) While floating, the male flowers are drawn 
in the depression surrounding each female flower, 
One anther ofa male or staminate flower comes in 
contactwith the stigma of the female flower. The 
anther bursts and pollination is performed. 
(v) Pollen grains are covered by mucilage which 
helps them in sticking to stigma as well as protects 
them from wetting by water. 
(vi) After pollination, the female flower is pulled 
inside water by the coiling of its stalk. 


41. Refer to answer 32 (b). 


42. Sporopollenin is present in exine layer of 
pollen grains. Sporopollenin is highly resistant 
fatty substance not degraded by any enzyme and 
not affected by high temperature, strong acid or 
strong alkali therefore pollen grains can be well 
preserved as microfossils. 


43. In a wind pollinated flower, following 
characteristics are present which help to identify 
that wind is its pollinating agent: 

(i) Flowers are small and inconspicuous. 

(ii) Non-essential parts are either absent or 
reduced. 


(iii) The flowers are colourless, odourless and 
nectarless. 

(iv) In case of unisexual flowers, the male flowers 
are more abundant. In bisexual flowers, the 
stamens are generally numerous. 

(v) Flowers are produced above the foliage, 
before the appearance of new foliage or placed in 
hanging position. 

(vi) Both the stigmas and anthers are exserted. 
Anthers are versatile. 


(vii) Pollen grains are light, small, dusty, dry and 
unwettable. 
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(viii)Stigma ts hairy, feather 

the wind borne e h aed or branched to catch 
44. In an anther, each cell of the sp 

tissue is a potential pollen or oF cia 
form a microspore tetrad. This process nosis to 
microsporogenesis. As the anthers ss is called 
dehydrate, the microspores ekaa and 
each other and develop into bollen ciate ‘Hor 
hard outer layer called the exine l ei The 
of sporopollenin. The inner wall of bn ie 
grain is called the intine. When the olle pollen 
iş mature it contains two cells, the ae 
cell and the generative cell. Different a a at 
microsporogenesis are shown below. -a 


Vacuoles 


Vegetative cell Pollen grain 





Generative 
cell 


Asymmetric 


Nucleus 
spindle 


45. Endothecium performs the function of 
protection in the young anther and is involved in 
dehiscence of the mature anther. 

Role of tapetum in an anther is as follows: 

(i) Nourishment of the developing microspore 
mother cells and pollen grains. 

(ii) It produces lipid rich ubisch granules 
containing sporopollenin for exine formation, 
pollenkitt in case of entomophilous plants, 
special proteins for the pollen grains to recognise 
compatibility and hormone IAA. 

(iii) It secretes enzyme callase responsible for the 
degradation of callose wall around pollen tetrad. 


46. Difference between autogamy; geitonogamy 
and xenogamy is as follows: 


Autogamy 

is transfer of 
pollen grains 
from anther 
to stigma 

of the same 
flower. 





















Xenogamy 


Xenogamy is 
transfer of pol- 
len grains from 
the anther to 
the stigma 
of different 


Geitonogamy 


Geitonogamy is 
transfer of pol- 
len grains from 
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47. Emasculation is remov 
the floral buds of female parent. A BISET i 
to emasculate a bisexué flower to elimina. t 
chances of self pollination Emasculation is not 
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48. Refer to answer 47. 
49. Refer to answer 32(b). 


50. (a) In self pollination, the pollen grains are 
transferred from the anther of a flower to the 
stigma of either the same or genetically similar 
flower. In this process the parental characters are 
sustained and new useful characters are seldom 
introduced in next generation. So, to prevent 
this, some strategies are adopted by the flowering 
plants. These are as follows: 


` Dichogamy . Male and female sex organs of a 
bisexual flower mature at different times. 

- Self sterility : The pollen of a flower has no 
fertilising effect on the stigma of the same 
flower. 

— Pollen prepotency : In some plants when 

the stigma receives pollen from the same 

flower as well as from the other flower 
simultaneously the foreign pollen germinates 
quickly and fertilises the ovule. 

Herkogamy : It is the presence of natural 

and physical barriers between androecium 

and gynoecium which help in avoiding self 
pollination. 

(b) In geitonogamy pollen gr 

are transferred to the stigma of another flower 

belonging to either the same plant or genetically 
similar plant. Thus, geitonogamy is also referred 
to as genetical autogamy. 

51. Hybridisation is effective pollination 

between flowers of different species of the same 

genus, or even between flowers of different genera 

(as in the case of several orchids). It involves 

artificial pollination of the desired female parent 

with pollen from the desired male parent, taking 
all precautions to prevent contamination of the 
stigma with the pollen of any other type. 


(a) In bisexual flowers, hybridisation involves 
removal of male reproductive 


parts (stamens) followed by artificial pollination. 
(b) In unisexual flowers the procedure is 
rather simple. Unopened floral buds are covered 
with cellophane bags. When the stigma attains 
receptivity pollens from the male paren. are dusted 
on it, and the pollinated flowers are rebagged. 


ains of one flower 


emasculation i.e., 


52. Refer to answer 34. 


= In the given figure, (1) - Antipodal cells, 
(2) - Polar nuclei, (3) - Central cell, (4) - Egg cell. 


an In the given figure, A - Micropyle, B - Outer 
integument, C - Nucellus, D - Antipodal cell. 


55. In the given figure, ‘a represents 
sporogenous tissue and ‘b’ represents tapetum. 
Sporogenous tissue fills the whole interior of the 
microsporangium. Its cells divide with the growth 
of anther and increase their number. Ultimately 
they are transformed into microspore or pollen 
mother cells (PMC). Microspore mother cells 
undergo meiosis to produce haploid microspores 
or pollen grains. Also refer to answer 45. 


56. Refer to answer 33. 


57. Longitudinal section of pistil 
growth of pollen tube is shown below. 


showing 
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58. Refer to answer 32 (b). 


59, (a) T.S. of mature dehisced anther is as follows : 
Endothecium 
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ollen grain is not a CONTINU. 


(b) Exine of P 
nt apertures called Berm 


layer. It bears promine | ed 
pores. These are the places from where intin 


comes out as pollen tube, which carries Male 
gametes requirec fertilisation in angiosperms 
If the exine is present as a continuous layer, jy 
d render the pollen grain non-functional, 

flowering in Mumbai can be 
rains of the same species of 
flower growing in New Delhi. This can be done 
by preserving the pollen grains and bringing them 
from New Delhi to Mumbai. Now, with the help 
of artificial hybridisation techniques, the pollen 
grains are diisted. over, the pistil to complete the 


process of pollination. 
(b) Refer to answer 57. 
61. (a) Exine is made up of a_ highly 


resistant fatty substance called sporopollenin. 
protective layer not 


1 for 


woul 
60. (a) Yes,a plant 
pollinated by pollen g 


Sporopollenin is highly 
degraded by any enzyme. It is not affected by high 


temperature, strong acid or strong alkali. Because 
of sporopollenin, exine provides protection during 
the hazardous journey of pollen from anther to 
stigma. Also, pollen grains are well preserved 
as microfossils and protected from external 
adversities due to the presence of sporopollenin. 
(b) Refer to answer 59 (b). 

(c) Refer to answer 13. 

62. Sectional view of anatropous ovule is given 


















below. 
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63. The three outbreeding devices that flowering 
plants have developed are as follows: 

(i) Dicliny (Unisexuality) : Flowers are unisexual 
so that self pollination is not possible. The plants 
may be monoecious (bearing both male and 
female flowers, e.g., maize) or dioecious (bearing 
male and female flowers on different plants, €g» 
mulberry, papaya). 
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(ii) Dichogamy : Anthers and stigmas mature 
at different times in a bisexual flower so as to 
prevent self pollination. (a) Protandry : Anthers 
mature earlier than stigma of the same flower. 
Their pollen grains become available to stigmas 
of the older flowers, e.g., sunflower, Salvia. (b) 
Protogyny : Stigmas mature earlier so that they 
get pollinated before the anthers of the same 
flower develop pollen grains, e.g., Mirabilis jalapa, 
Gloriosa, Plantago. 

(iii) Heterostyly : There are 2 or 3 types of flowers 
with different heights of styles (and stamens), e.g., 
In diheterostyly (dimorphic heterostyly), there 
are two types of flowers, pin eyed (long style and 
short stamens) and thrum eyed (short style and 
long stamens), e.g., Primula (primrose), jasmine. 
Pollination occurs between anthers and stigmas of 
the same height present in different flowers. 


Anemophilous flowers 








absence of bright colours. 


(iv) 


They are odourless. 

The flowers are devoid of nectar and edible 
pollen. 

Sepals and petals are either indistinguishable 
or absent. 

Anthers are usually exserted. 


(v) 


(vi) 
(vii) 
number. 

Pollen grains are light and unwettable. 


ollination is non-directional. 


YM)" 


tigmas are exserted. 
Stigmas are branched or hairy to catc 


grasses, etc. 


66. A microsporangium or pollen sac is 
a cylindrical sac which appears circular: in 


p TEP a To pay 

transverse section. It consists of two parts, outer ) 
tiple pee ry TE 

wall and central homogenous  sporogenous f 


‘ n A , l a Lag pi fi 
tissue. Microsporangial wall has four types 0 

layers - epidermis (common anther covering), 
andathecinm. 1-3 middle layers and tapetum. The 


Entomophilous flowers 


(ii) | Flowers are inconspicuous due to the 


Flowers are usually gaudy due to the presence of 
bright colours in corolla, sepals, bracts, etc. 


Odour is commonly present. 
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Anthers are usually inserted. 


Pollen grains are produced in very large 


wind borne pollen grains. E.g., maize, many 
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64. Angiosperm anthers consist of two anther 
lobes therefore are called dithecous. 

A typical 
appears near circular in outline. It consists of two 
parts, outer wall and central homogenous tissue. 
Microsporangial wall has four types of layers: 


angiospermic microsporangium 


- Epidermis of single layer for protection. 

-  Endothecium of single layer for dehiscence 
of anther. 

- Middle layers are 1-4 in number. 

-  Tapetum, the innermost parietal layer with 
cells having «dense cytoplasm and large 
nuclei. 

65. Differences between anemophilous (wind 

pollinated) and entomophilous (insect pollinated) 

flowers are as follows: 







Flowers are either large or if small they are 
grouped to form inflorescence. 


The flowers usually possess nectar and edible 
pollen. 
Sepals and petals are commonly well developed. 







They are fewer. 


Pollen grains are heavier and sticky. 
Pollination is specific and directional. 


Stigmas are commonly inserted. 










h | Stigmas are usually unbranched and sticky. 


E.g., Rafflesia, Mimosa. 





outer three perform the function of protection in 

the young anther and dehiscence of the mature 

‘anther. Both endothecium and tapetum consist 
of larger cells. In a typical anther the endothecial 
cells develop fibrous thickenings of o-cellulose 
on the inner and radial walls. In the shallow 
groove present between the two microsporangia 
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Of an anther lobe, 


at the level of er 
Walled. 


the hypodermal cells lying 
\dothecium remain thin 
they constitute the stomium or line of 
dehiscence, The Ssporogenous tissue gives rise to 
MICrospores, 


67. Refer to answer 43. 
68. Refer to answer 38. 
69. Refer to answer 57. 
70. Refer to answer 44. 


71. Megasporogenesis is the formation 
of megaspore (n) from megaspore mother 
cell (2n) inside the ovule by the process of 
meiosis. In the hypodermal region of nucellus 
towards the micropylar end develops a primary 
archesporial cell. The primary archesporial cell 
divides periclinally to form outer parietal cell 
and inner sporogenous cell. The sporogenous 
cell functions as megaspore mother cell 
(MMC),which undergoes reduction division 
to form four haploid megaspores. Only one 
megaspore (usually the chalazal one) remains 
functional and the other three degenerate. 
Different stages in the development of linear 
tetrad of megaspores are shown as follows: 
Primary sporogenous 
Archesporial cell 





Megaspore 
mother cell 


72. ‘The mode of pollination in Vallisneria is 
water whereas mode of pollination in water lily 
is wind or insects. Also refer to answer 40. 


73. Megasporogenesis is the formation 
of megaspore (n) from megaspore mother 
cell (2n) inside Sarane b) o pea of 
meiosis. In the hypodermal egion of nucellus 
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The functional megaspore is the first cell of feng 

gametophyte or embryo sac. The nucleus g 

megaspore divides by mitosis into eight daughte 

nuclei. Two polar nuclei are present in centre whi 

further fuse to form a secondary nucleus. Ake 
fertilisation with a male gamete it produces tripl 
endosperm. Three nuclei at the base of embryo 
form antipodal cells. The remaining three nuclei! 
the micropylar end constitute egg apparatus, whit 
consists of two cells known as synergids or he 
cells and an egg cell or oosphere. The egg cel 
fusing with one male gamete (fertilisation) g" 
nse to zygote, 


74. Pollen grain is the first cell of ™ 
sametophyte. The 3-celled pollen grain o% 


angiosperm consists of one tube or vegetative 
and two male gametes. 







Pollen tube Male gametes Tub 





Callose ALA 


plugs 


Cytoplasmic 
sheath 
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The tube cell has a vacuolated cytoplasm which is 
rich in the food reserves (starch, protein, fat with 
mostly unsaturated fatty acids) and cell organelles. 
Its nucleus is large and irregular, Male gametes are 
formed by division of generative cell. Each male 
gamicte is lenticular to spherical in outline. It has 
a large nucleus which is surrounded by a thin 
sheath of cytoplasm. 


75. Emasculation is the removal of the anthers 
of a bisexual flower in order to prevent self- 
pollination. Bagging involves covering of 
emasculated flowers by butter paper or polythene 
in order to protect them from contamination by 
foreign or undesirable pollen, 

Emasculation and bagging are important steps 
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(v) Pollen grains are produced in very large 
number. For example, a single flower of Cannabis 
produces 5,00,000 pollen grains. Consequently, 
the pollen grains spread over large tracts so that 
even isolated plants get pollinated. 
(vi) Calyx and corolla are either reduced or 
absent, Anthers are usually versatile. 
(vii) Flowers are small and inconspicuous. 
(viii) When flowers are unisexual, male flowers are 
more abundant than female flowers. In bisexual 
flowers, the stamens are generally numerous. 


84. Refer to answer 73. 


85. Longitudinal section. of post pollinated 
pistil showing entryoof pollen tube into a mature 


of artificial hybridisation technique used in crop 
improvement programmes. 
76. Refer to answer 73. 

77. Refer to answer 63. i 

78. For diagram, refer to answer 31. 

Sporopollenin is considered the most resistant 
organic material because it is not degraded by any 
enzyme, not affected by high temperature, strong 
acid or strong alkali. 

79. Refer to answer 6. 

Geitonogamy will lead to inbreeding depression 
because it is a type of pollination in which pollen 
grains are transferred from anther to stigma of 
different flowers belonging to the same plant. 


80. Refer to answer 62. 


81. (a) (i) Depositionof sporopollenin occurs in 
exine layer of pollen grains. 

(ii) Megasporogenesis occurs inside the nucellus 
of developing ovule of angiosperms. 

(b) Refer to answer 31. 

82. Refer to answer 57. 


83. The characteristic features of flowers that 
facilitate wind pollination are as follows: 

(i) Both the stigmas and anthers are exserted. 
(ii) Pollen grains are light, small and winged or 
dusty. They can be blown by wind to distances of 
upto 1300 km. 

(iii) Pollen grains are dry, smooth, non-sticky 
and unwettable. 

(iv) Stigma is hairy, feathery or branched to catch 
the wind-borne pollen grains. ‘Ihe large thread- 
pol 
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embryo sac is shown as follows: 


Pollen grains 













Stigma 
Pollen tubes 


Conducting 
tissue 
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86. (a) Flowering plants have developed n 
devices to discourage autogamy and geitonog 
These are : 
(i) Dicliny (Unisexuality) : Flowers are unis 
so that self pollination is not possible. The | 
may be monoecious (bearing both male and f 
(lowers, e.g., maize) or dioecious (bearing ma 
female flowers on different plants, e.g., mu 
papaya).Monoecious plants cannot u 
autogamy, however geitonogamy is poss 
these plants whereas dioecious plants preve 


geitonogamy and autogamy. 
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(ii) Dichogamy : Anthers and stigmas mature at 
different times in a bisexual flower so as to prevent 
Self-pollination. (a) Protandry : Anthers mature 
earlier than stigma of the same flower. Their pollen 
grains become available to stigmas of the older 
flowers, e.g., sunflower, Salvia. (b) Protogyny : 
Stigmas mature earlier so that they get pollinated 
before the anthers of the same flower develop pollen 
grains, e.g., Mirabilis jalapa, Gloriosa, Plantago. 
(b) After entering one of the synergids, the 
pollen tube releases the two haploid male gametes 
into the cytoplasm of the synergid. One of the 
male gametes moves towards the egg cell (haploid) 
and fuses with its nucleus thus completing the 
syngamy (vegetative fertilisation). This results in 
the formation of a diploid cell, the zygote. The 
other male gamete moves towards the two polar 
nuclei located in the central cell and fuses with 
them to produce a triploid primary endosperm 
nucleus. As this involves the fusion of three 
haploid nuclei it is termed triple fusion. Since two 
types of fusions, syngamy and triple fusion take 
place in an embryo sac the phenomenon is termed 
double fertilisation, an event unique to flowering 
plants. 
87. (a) Sectional view of microsporangium of an 
angiosperm is as follows: 
Epidermis 







Endothecium 


Microspore mother cells 


Tapetum 


(b) Pollen grain or microspore is the first cell 

of male gametophyte and represents immature 
male gametophyte. Development of male 
gametophyte is precocious, i.e., it begins inside 
the microsporangium or pollen sac. 

Young pollen grain has a centrally placed 
nucleus embedded in dense cytoplasm covered 
by plasma membrane. It grows in size with the 
inflow of nutrients. The protoplast 
grain divides mitotically to form: tw 
cells - smaller ge 
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ive cell. layer of callose develops s 
vegetative oe sell which separates the cell ¢ nq 
he generative €e Teron, callose disse 
the — enerative cell comes to lie fr, a 
the naked Ê of the tube cell. The tube cq) 
the cytoP -ytoplasm which is rich in the ,& 
vacuolate ell organelles. Its nucleus bec oq 
The generative cell is spin 
‘cal in outline with thin 4 
m surrounding & prominent nucleus 
s the generative cell aie into ; 

le male gametes prior tot e iscenc,. 
nonm o d release of the pollen grains. Therefy, 


t the time of pollination, the pollen grain iş cit 
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>-celled or 3-celled: 

g8. (a) Refer to answer 44 

(bÌ Refer to answer St. | 

89. Monoecious flowers are bisexual i.e. th 
bear both male and female reproductive Organs 
> A flowers are those flowers whig 
do not open at all. These flowers are intersexy, 
and remain closed causing self pollination, p 
cleistogamous flowers, the anthers dehisce insig 
closed flowers. Growth of style brings the polle 
grains in contact with stigma. Pollination and see 
setting are assured. Pollinators are not required 
E.g. Commelina benghalensis, balsam. 

Self incompatibility is inability of pollen of: 
plant to fertilise the pistil of the same plant, eg, 
Primula. 

Monoecious and cleistogamous flowers promot 
inbreeding whereas self incompatibility in plat 
promotes outbreeding. 


90. (a) Refer to answer 73. 

(b) Synergids are the part of egg appart 

which occur at micropylar end of embryo % 

They have special cellular thickenings or fing 

like projections called filiform apparatus, whi? 

play an important role in guiding the pol 
tube towards embryo sac. Each of the synerg 
contains filiform apparatus in the microp 
region, a lateral hook, chalazal vacuole % | 
Central nucleus, 

71. (a) Refer to answer 57, v 
€ compatible pollen grain germinal” 
ma; the intine grows out through 0% 


cytoplas 
some specie 


cz 
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The contents of the pollen grain move into 
the pollen tube. | 

_ The generative cell divides into two male 
gametes. 

_ The pollen tube grows through the stigma 
and style and reaches the ovary; it enters the 
ovule through micropyle and then enters the 
embryo sac guided by the filiform apparatus 
and discharges the male gametes into one of 
the synergids. 

_ One of the male gametes fuses with the egg 
cell (syngamy) to form the zygote and the 
other male gamete fuses with the two polar 
nuclei (triple fusion) to form the primary 
endosperm nucleus (PEN). 


92. (a) Refer to answer 59 (a). 

(b) Characteristic features of insect pollinated 
flowers are : 

(i) Nectar is produced by nectariferous glands of 
flower which attracts the pollinators for feeding. 
(ii) Some flowers produce edible pollen grains 
which attract the pollinators to visit the flowers 
e.g., rose, Papaver, Clematis. 

(iii) Flowers are fragrant and emit scent )and 
odour e.g., Jasminum, Cestrum etc. 

(iv) Flowers are showy and brightly coloured. 
They usually have coloured leaves, petals, sepals, 
stamens or sometimes stigma, e.g., leaves in 
Euphorbia pulcherrima, bract in Bougainvillea. 

(v) Small flowers occur in groups and thus, 
become more conspicuous. 

(vi) Stigma also secretes some exudates which 
make stigma sticky. This sticky stigma can get 
pollens easily. 

(vii) The pollen grains become sticky or develop 
spines around their body. This feature help in 
their attachment with the body of pollinators. 

93. (a) Refer to answer 73. 

(b) Refer to answer 38. 

94. Refer to answers 73 and 38. 

95. (a) Refer to answer 59 (a). 

(b) The different wall layers of an anther and 
their functions are as follows: 

(i) Epidermis - One cell thick and protective in 
function, 

(ii) Endothecium - Second wall layer. Usually 
single layered. Cells have a cellulose thickening 
with a little pectin and lignin in some cases. It 


helps in anther dehiscence, _ 
er d 
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(iii) Middle layers - The number of middle layers 

ranges from 2-3. The middle layers degenerate 

at the time of maturity of the anther to provide 

nourishment to the growing microspore mother 

cells. 

(iv) Tapetum - This is the innermost layer of 

anther wall which surrounds the sporogenous 

tissue. 

Tapetum has a number of functions : 

- Nourishment of the developing microspore 
mother cells and pollen grains. 


- It produces lipid rich ubisch granules 
containing  sporopollenin for  exine 
formation, pollenkitt special proteins for the 
pollen grains which recognise compatibility 
and hormone IAA. 

- It secretes enzyme callase responsible for the 
degradation of callose wall around pollen 
tetrad. 


96. (a): Refer to answer 87 (a). 

(b) The characteristics of labelled part C i.e., 
tapetum are as follows: 

(i) Tapetal cells are filled with protoplasmic 
contents as well as nutrients. 

(ii) They are either multinucleate or their nucleus 
becomes polyploid due to endoploidy. 

(iii) Tapetum is of two types - amoeboid and 
secretory. 

(iv) In amoeboid type, the tapetal cells fuse to 
form a plasmodium or periplasmodium because 
it passes in between the sporogenous cells to 
nourish them. 

(v) The cells of secretory tapetum pass out 
substances over the sporogenous cells for their 
growth and differentiation. Also refer to answer 45 
and 95 (b). 

(c) (i) Refer to answer 42. 

(ii) Pollen tablets are used as food supplement by 
people to improve health. 


97. (a) Refer to answer 46. 
(b) Refer to answer 37. 


98. Refer to answer 44. 


99. (a) Refer to answer 71. 
(b) Refer to answer 38. 


100. (a) Refer to answer 33. 


(b) Refer to answers 50 and 63. 
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101. Refer to answer 44. 

102. Refer to answer 73. 

103. Refer to answers 87 (a) and 95 (b). 

104. (a) In angiosperms, triple fusion takes place 
in central part of embryo sac. 

(b) In angiosperms, release of male gametes by 
pollen tube takes place into the cytoplasm of the 
synergid. 

105. Double fertilisation is the fusion of two male 
gametes brought by a pollen tube to two different 
cells (egg and secondary nucleus) of central cell of 
the same female gametophyte in order to produce 
two different structures (zygote and primary 
endosperm nucleus). 

106. The labelled diagram of a fertilised embryo 
sac of a dicot flower is as follows: 









Degenerating—=~— } \ 
synergids J 
Zygote (2n) 


Primary endosperm 
cell (PEC) 


Primary endosperm 
nucleus (PEN) (3n) 


Degenerating \ 
antipodal cells 


107. Egg cell after getting fertilised with one of 
the two male nuclei forms zygote which further 
develops into embryo. Polar nuclei fuse with other 
male nuclei to form primary endosperm nucleus 
which further develops into endosperm. 


108. In angiosperms, pollen tube releases the two 
haploid male gametes into the cytoplasm of the 
synergid. One of the male gametes moves towards 
the egg cell (haploid) and fuses with its nucleus 
thus completing the syngamy. This results in the 
formation of a diploid cell, the zygote. The other 
male gamete moves towards the polar nuclei 
located in the central cell and fuses with them to 
produce a triploid primary endosperm nucleus. 









109. In angiosperms, one of the. 
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‘on of two male gamete., O} 
process OF oe to two different cells ret 
a gametophyte present in an ovule * i, 
111. In angiosperms, one of the male gamete l 
with the e88 cell to form the zygote (ayn 
The other male gamete pases with the tw. 
nuclei to produce a triploid primary end, à 
núcleus (triple fusion). E two types off 
syngamy and triple fusion take place in thee 
embryo sac, the phenomenon is termed ag dog 
fertilisation. : 
The ploidy of the cells involved in do 
fertilisation are as follows: 

(i) Male gamete - Haploid (n) 
(ii) Egg cell - Haploid (n) 
(iii) Central cell - Diploid (2n) 


two ma 
of double 


112. Refer to answer 111. 


113. Zygote is formed due to fusion of two hapli 
(n) cells, hence it is diploid (2n). Endosper 
develops from triploid (3n) primary endospr 
nucleus formed due to fusion of male gamete: 
and two polar nuclei (n), hence it is triploid. 


114. Refer to answer 111. 
115. Refer to answer 111. 


116. Embryo sac is female gametophyte fom 
by haploid megaspores (produced by me 
division in diploid megaspore mother ce 
Therefore, it is haploid in nature. 

Zygote is formed by the fusion of one of tv? g 
gametes (haploid) with egg (haploid) therek" 
is dipoid (2n). 

Endosperm is produced by fusion of one p 


male gametes (n) with two polar nucle!” 


t E S 
herefore, It is triploid in nature. 
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118. Differences between parthenocarpy and 
parthenogenesis are as follows: 


















Parthenocarpy | Parthenogenesis 


i) Itis the It is the development 
production and _|of unfertilised egg into 
development a complete individual 
of seedless without fertilisation. 


fruits without 
pollination and 
fertilisation. | 

It occurs in plants 
only. 





It occurs in both plants 
and animals. 


= a 


Examples: 
Banana, 
pineapple, guava, 
grapes, apple, 
tomato, papaya, 
etc. 





as Solanum nigrum, 
Nicotiana, Datura, 
Oenothera etc. and 
animals like, Drones 

of honey bees, Lacerta 
saxicola armaniaca, 
Typhlina brahmina, ete. 





fruit obtained from an 


119. Banana is a 


unfertilised ovary. It is seedless and produced 
without pollination and fertilisation, therefore, it 
is referred to as parthenocarpic fruit. 


120.If the meiocyte (2n) of rice has 24 
chromosomes, then the gametes (n) of rice will 
have 12 chromosomes. Therefore, the number of 
chromosome in its endosperm will be = 12 x 3 = 36. 


121. Scutellum is the tissue in a monocot seed 
that lies between the embryonic axis and the 
endosperm. It is the modified cotyledon of 
grasses. It is very thin with high surface area and 
serves to absorb nutrients from the endosperm 
during germination. 

122. Refer to answer 117. 

123. Refer to answer 119. 

124. Pericarp is the covering of fruit that develops 
from ovary wall. It protects the fruit and also helps 
in its dispersal. 

125. Parthenocarpy is the mechanism which is 
responsible for the formation of seed without 
fertilisation in angiosperms. Examples of plants in 
which parthenocarpic seed ormatio place 
are banana, pineapple, toma o, paps 







of 


126. Thalamus along with ovary takes part in fruit 
formation in strawberry and guava. 


127. A fruit is a seed containing part of a plant 
that develops from a fertilised ovary. Apple is a 
false fruit because in apple apart from the ovary, 
thalamus also contributes to fruit formation. 
Mango is a true fruit as it develops only from the. 
ovary after fertilisation. 

Banana is a seedless fruit or parthenocarpic fruit 
because it develops without fertilisation. 


128. Banana fruit is a seedless fruit which is 
developed without pollination and fertilisation: 
hence is referred to as parthenocarpic fruit, 
whereas in turkey the unfertilised egg develops 
into complete individual after fertilisation hence 
turkey is referred to as parthenogenetic. 


129. The tender coconut water is free nuclear 
endosperm i.e., during development the primary 
endosperm nucleus divides by repeated mitotic 
free nuclear division without formation of wall. 
White kernel of coconut is cellular endosperm 
j.e., during development first nuclear division 
of the primary endosperm nucleus is followed 
by the formation of either a longitudinal or 
transverse cell wall in the central cell. Both tender 
coconut water and white kernel of coconut are 
triploid (3n) but coconut water is multinucleated 
structure whereas in kernel of coconut each cell is 
uninucleated. 


130. Labelled diagram of dicot embryo is as 
follows: 






Radicle 


B }—Suspensor 
Hypocotyl 


Epicotyl 


Plumule 


131. The seeds in which endosperm persists as 
food storage tissue are called endospermic or 
albuminous, seeds, e.g., castor, maize, wheat, 
barley, rubber, coconut. 

In some seeds remains of nucellus persist. ‘The 
residual nucellus which persists in the seed is 
called perisperm, e.g., black pepper, coffee, castor, 
cardamum, Nymphaea. 
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132. Banana crop is cultivated by vegetative 
Propagation without sowing seeds. It has subaer!4 
stem structures called suckers which are slender 
branches that develop from base of acrial shoot, 
grow for some distance and form new aeria 
shoots or crowns. Breaking of suckers forms new 
plant. Rhizomes of banana also forms new plant. 


133. Refer to answer 130. 

134. Double fertilisation in angiosperms triggers 
the transformation of ovule into a seed. Following 
changes usually occur in the ovule during the 
development of seed: 

(i) The zygote develops into an embryo. 

(ii) The triploid primary endosperm nucleus 
gives rise to a nutritive tissue called endosperm. 
The endosperm may persist or gets completely 
digested during embryogenesis. 
(iii) The nucellus is generally used up during 
the development of embryo but in some cases 1t 
remains outside the endosperm in the form of a 
thin layer, called perisperm. 

(iv) The outer integument becomes hard and 
forms leathery testa or outer seed coat which 
ensures survival of seeds. 

(v) The inner integument, if persists, forms the 
tegmen. 

(vi) The micropyle remains in the form of a fine 
pore on the surface of seed. Funicle is transformed 
into stalk of the seed. The hilum marks the point 
of attachment to the stalk. 


135. (a) Inthe most common type of endosperm 
development of coconut the PEN undergoes 
successive nuclear divisions to give rise to free 
nuclei. This stage of endosperm development 
is called free-nuclear endosperm. Subsequently 
cell wall formation occurs and the endosperm 
becomes cellular. The number of free nuclei 
formed before cellularisation varies greatly. The 
coconut water from tender coconut is free-nuclear 
endosperm (made up of thousands of nuclei) 
and the surrounding white kernel is the cellular 
endosperm. 
(b) Tender coconut is rich in minerals, Vitamins, 
proteins and is isotonic with our body fluids 
therefore it is considered healthy source of 
nutrition. 
(c) Pea seeds are exalbuminous seeds i.e., the 
endosperm is completely eaten up by growin 
embyro and food for later development ofembr 
, yo 
is stored in cotyledon which 
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138. Refer to answer 130. 

139. Albuminous seeds are those seeds in wh 
endosperm is present and serves as the reg 
food material for the developing embryo, y 
monocot and some dicot seeds are albumin 
seeds, e.g., cereal, coconut, Castor etc. 
Non-albuminous seeds are those seed 
which endosperm is consumed during , 
development and food is stored in cotyled 
Most dicot and some monocot seeds are | 
albuminous seeds, e.g., pea, gram, bean, orc 
etc. 


140.In Cocos nucifera (coconut), the coc 
water represents free-nuclear endosperm 
the surrounding kernel represents the ce 
endosperm. The primary endosperm nu 
(PEN) first undergoes a number of free nt 
divisions without wall formation to forma 
number of free nuclei (free nuclear endosp 
When the fruit is about 50 mm long, the en 
sac gets filled with a clear fluid in which 
numerous nuclei of various sizes. At a 
stage (about 100 mm long fruit), the suspe 
shows, in addition to free nuclei, several 
a idee a variable number of ! 
AE tie she cells and free nuclei start i 
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141. (a) In the given figure of T.S. of an apple, 
A - Thalamus 
B - Seed 
C - Endocarp 

(b) In apple, along with ovary thalamus also 
contributes to fruit formation therefore apple 
is categorised as a false fruit. 


142. Refer to answer 136. 


143. Banana shows parthenocarpy. Its fruit is 
formed without fertilisation and is therefore 
seedless. Polyembryony refers to presence more 
than one embryo in a seed e.g., orange. Some 
of the nucellar cells surrounding the embryo sac 
start dividing and protrude into the embryo sac 
and develop into the embryos. Thus each ovule 
contains many embryos. With respect to seeds, 
bananas and oranges differ as bananas are seedless 
whereas oranges contain many seeds. 


144. Refer to answer 137. 
145. Refer to answer 130. 


146. Coconut water that we drink is free nuclear 
endosperm. Kernel that we eat is cellular 
endosperm of coconut. 

147. Differences between parthenocarpy and 
parthenogenesis are as follows : 


~[Parthenocapy 


(i) |Itis the production }It is the development 
and development | of unfertilised egg 
of seedless fruits into a complete 

without pollination | individual without 
and fertilisation. fertilisation. 


































Young ones 
produced by 

parthenogenesis are 
senerally weak. 


Parthenocarpic 
fruits are normal. 

















It occurs in both 
plants and animals. 


It occurs in plants 
only. 










Examples : Plants 
such as Solanum 
nigrum, Nicotiana, 
Datura, Oenothera, 
etc., and animals 


Examples: Banana, 
pineapple, guava, 


grapes, apple, 
tomato, papaya, etc. 
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148. Post-pollination events leading to seed 

formation in angiosperms are as follows : 

(i) After pollination, the pistil recognises the 

pollen whether it is of the right type (compatible) 

or of the wrong type (incompatible). Compatible 

pollens are accepted and germinate on the stigma 

to produce a pollen tube. Pollen tube grows and 

reaches the ovary and enters the ovule either 

through micropyle or chalaza or integuments. 

(ii) The pollen tube bursts open in one of the two 

synergids to release the two male gametes. One 

male gamete fuses with the egg to form a diploid 
zygote or oospore (syngamy). The second male 
gamete fuses with the diploid secondary nucleus 
of the central cell to form a primary triploid 
endosperm nucleus (triple fusion). The whole 
process is termed as double fertilisation. 

(iii) The primary endosperm nucleus gives rise 
to endosperm while the zygote develops into 
embryo. 

(iv) The integuments of fertilised ovule harden to 
form the seed coat. 

(v) The outer integument becomes hard and 
forms leathery testa or outer seed coat which 
ensures survival of seeds. 

(vi) The inner integument, if persists, forms the 
tegmen. 

(vii) The micropyle remains in the form of a fine 
pore on the surface of seed. Funicle is transformed 
into stalk of the seed. The hilum marks the point 
of attachment to the stalk. Micropyle facilitates 
the entry of oxygen and water into the seed. 


149. In angiosperms double fertilisation produces 
two structures - a diploid zygote and a triploid 
primary endosperm cell. The latter gives rise 
to tissue called endosperm. Zygote forms the 
embryo and endosperm provides nourishment 
to the growing embryo. With the growth of 
embryo the central part of the endosperm is 
utilised. In some seeds, the endosperm persists 
in the seed as food storage tissue. Such seeds are 
called endospermic or albuminous seeds, e.g., 
castor, cereals, etc. In others the endosperm is 
completely eaten up by growing embryo. The food 
for later development of embryo is then stored in 
cotyledons which become massive. Such seeds are 
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150. Endosperm is the food laden tissue formed 

alter double fertilisation. It provides essential 

Nutrients to the growing embryo and also the 

young seedling at the time of seed germination. 

In angiosperms, the endosperm develops from 

triploid (3n) primary endosperm nucleus which 

is formed as a result of vegetative fertilisation 

or triple fusion ie., fusion of a male gemete 
with secondary nucleus of the central cell. 
Based on the first and subsequent divisions of 
primary endosperm nucleus, the development 
of endosperm takes place in different ways and 
accordingly endosperm is of three types - nuclear, 
cellular and helobial. 

Nuclear type : In the nuclear type of endosperm 
the first division of primary endosperm nucleus 
and few subsequent nuclear divisions are not 
accompanied by wall formation. The nuclei 
produced are free in the cytoplasm of the embryo 
sac and they may remain free indefinitely or wall 
formation takes place later. The multinucleate 
cytoplasm undergoes cleavage, and gives rise to 
multicellular tissue, maize, wheat, rice. 

Cellular type : In this case, there is cytokinesis 
after each nuclear division of endosperm nucleus. 
The endosperm, thus, has a cellular form, from 
the very beginning because first and subsequent 
divisions are all accompanied. by wall formation. 
e.g., Petunia, Datura, Adoxa etc. 


Helobial type: It is an intermediate type between 
the nuclear and cellular types. The first division 
is accompanied by cytokinesis but the subsequent 
ones are free nuclear. The chamber towards 
micropylar end of embryo sac is usually much 
larger than the chamber towards chalazal end. 
A large number of. nuclei are formed in the 
micropylar chamber by free nuclear divisions 
while the nucleus of the chamber towards chalazal 
end divides to form a fewer free nuclei or may 
not divide at all, e.g., Order Helobiales and most 


monocots. 
Endosperm provides nourishment to the zygote. 
So, endosperm development precedes that of 


zygote. 

151.In a typical dicot flower, after double 
fertilisation, the zygote elongates and then divides 
by a transverse wall into two unequal cells. The 
larger basal cell is called suspensor cell. The other 


towards the antipodal end is termed as terminal 
pensor cell divides 
roduce a hlamentous 
À ” ape, r 


m. 
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development of a dicot embryo are 
represented diagrammatically as follows: 
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Suspensor 
A s par € ) Plumule 
- s i —-Fpicotyl 
F Cotyledon ii 
Cotyledon ' — Hypocoty| 
z i | 
P7- Radicle 
G H Root cap 
Plumule 
Initially the embryo is globular and 
embryo with radial 


undifferentiated. Early 
symmetry is called proembryo. It is transformed 


into embryo with the development of radicle, 
plumule and cotyledons. At this time the embryo 
becomes heart-shaped. The rate of growth of 
the cotyledons is very high so that they elongate 
tremendously while the plumule remains as a 
small mound of undifferentiated tissue. 


152. Soon after the act of double fertilisation, the 

flower begins to lose its shine. The petals, samens 

and style either fall or wither away. The calyx, 

however, may persist in some cases (e.g., tomato, 

brinjal). The major events include — 

(i) Development of endosperm from triploid 

primary endosperm nucleus in the central cell of 

embryo sac. 

ie aesan i red i from diploid zygote. 
eed from ovule 

(iv) Development of fruit from ovary. 


153. The three 
- hree Advantages that seeds offer to 
Slosperms are as follows: 


| 
: 
| 
| 
f 


159. A - Pericarp 


(iii) Example : Black 
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(i) Seeds have better adaptive strategies f 
dispersal to new habitats and help de ‘ § , or 
colonise in other areas. peers to 
(ii) They have sufficient food reserves 
seedlings are nourished until they are bai hie te 
photosynthesise on their own and hard seed co ; 
rovides protection to the young embryo a 
(iii) Seeds are product of sexual reproduction 
they generate new genetic combinations leadin , 
to variations. 8 


154.Refer to answer 149. 


155. Diagrammatic sectional view of anatropous 
ovule is as follows: 


(b) Secondary 


nucleus 








Outer 
integument (a) 
Inner 
integument 


(c) Egg cell 


(d) Synergids (e) Funiculus 


156. Refer to answer 118. 
157. Refer to answer 137. 


158. Differences between and 


perisperm 


endosperm are as follows: 


~[Perisperm ow U| Endsperm | 





Endosperm is the 
tissue formed after 
double fertilisation. 
It surrounds, stores 
food and provides 
nourishment to 
the embryo in an 
angiosperm seed. 


(i) | Perisperm is 
the residual 
persistent nucellus. 
It encloses 
the embryo 
and provides 
nourishment to it 
in certain seeds. 








It is triploid in 
nature because it is 
formed as a result of 
triple fusion. 


It is diploid in 
nature. 





Example : Wheat 


a 5 oca 


B- Scutellum 
C- Coleoptile | 
D - Coleorhiza 


e 


s 
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160. (a) Refer to answer 139. 
(b) (i) Persistent nucellus of the ovule is called 
perisperm. 


(ii) Integuments of the ovule develop into seed 
coats. 

(iii) Polar nuclei of the embryo sac on fusion with 
male nuclei for triploid endosperm nucleus that 
develops endosperm. 

(iv) Zygote forms embryo or embryonal axis. 


161. False fruit is the fruit which is derived from 
the fertilised ovary andsaccessory floral parts e.g., 
thalamus also contribute to the fruit formation. 
Examples : apple, strawberry, guava etc. True fruit 
is the fruit which is derived only from the ovary 
of a flower and is not associated with any non- 
carpellary part , for example : mango, tomato, etc. 
Parthenocarpic fruit is the fruit that is formed 
without fertilisation and does not bear seeds, e.g., 
pineappale, banana, etc. : 


162. Refer to answer 137. 


163. L.S. of embryo of grass is as follows: 
4) Scutellum 







Root cap 
Coleorhiza 


164. (a) Refer to answer 118. 
(b) Differences between perisperm and pericarp 


are as follows: 







It is the covering of 
fruit that develops 
from ovary wall. 


It is a part of seed. It is a part of fruit. 


(iii) | It is usually dry. It may be dry or 
fleshy. 










It is persistent 
nucellus in the seed. 




























It is often It is protective 
nonfunctional for covering and also 
seed. helps in dispersal. 


It is found in almost 
all the fruits, 
e.g., Mango. 


Perisperm is present 
in few seeds, 

e.g., black pepper, 
coffee. © 
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165. Refer to answer 151. 


166. (a) Refer to answer 137. 

(b) Refer to answer 153. 

167.(a) The given figure represent 
embryo which is the developmental sta 
embryo. 

(b) Zygote or oospore is the initi 
which the given structure has develope 
(c) The next mature stage is hear 
embryo, as shown below: 


Haustorial 
suspensor 


s globular 
ge of dicot 


al cell from 


d. 
t shaped 






Cotyledon 


168. (a) Seeds those have the ability to retain 
power of germination over a period of time 
and are capable to germinate under favourable 
conditions are called as viable seeds. 

(b) (i) 200 pollen grains are required to form 
200 seeds because each pollen grain carries two 
male gametes but only one fuses with the egg 
to form a zygote that develops intona mature 
embryo. 

(ii) Total of 400. gametes (200 male gametes 
+ 200 female gametes) are required to 
form 200 zygotes and hence seeds after 
fertilisation. 
(c) Post-pollination events that lead to viable- 
seed production in a flowering plant can be 
represented with help of the given flow chart: 


Pollen germinate on stigma 


Growth of pollen tube and its entry 
into embryo sac 


Fusion of gametes inside embryo sac or ovule 






“J. ‘ 


Double fertilisation 
Syngamy: One Triple fusion: One male 

gamete fuses with egg gamete fuses with 

2 polar nuclei 


Primary Endosperm 
Nucleus 


Endosperm (may or 
pay not be consumed 
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170. A flower of brinjal plant contains 360 vid, 

seeds. 

(a) Number of minimally involved ovules =3 

This is because following sexual reproductiu 

one ovule matures into one seed. 

(b) Megaspore mother cell undergoes reducti 
division to forms four haploid megaspores. (1 
one megaspore remains functional and ot 
three degenerate. Only the functional megas 
develops into female gametophyte. Hen 
number of megaspore mother cell = 360. 

(c) Compatible pollen grain after landing’ 
stigma forms pollen tube which traverses thro 
style of carpel and enters the ovule to release ™ 


a ep ; 
pamete. Here, minimum number of pollen 8 
involved is = 360 


( 


d d 
) Each pollen grain releases two male 2" 
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(e) Each microspore mother cell 
meiosis and gives rise to tetrad of fi 
microspores or pollen grains. : 
Number of microspore mot 
undergone reduction division 


of anther = 360 = 90 
4 


undergoes 
ur haploid 


her cell that have 
Prior to dehiscence 


171. (a) Refer to answer 148 


(b) The ploidy levels of the cell of 
of an albuminous seed are: 

Zygote - diploid (2n) Coleoptile - diploid (2n) 
Pericarp - diploid (2n) Plumule — diploid On) 
Endosperm - triploid (3n) Radicle — diploid (2n) 
Scutellum - diploid (2n) Coleorhiza-diploid (2n) 
172. (a) Endosperm is food storing tissue formed 
during the development of angiospermous seed 
which provides essential nutrients to the growing 
embryo and also young seedling at the time of 
seed germination. 


different parts 


(b) Groundnut seeds are exalbuminous as the 
seeds usually store food materials in cotyledons 
and the endosperm is used up by the developing 
embryo. Castor seeds are albuminous as they; have 
copious amounts of endosperm tissue to provide 
nutrition to the developing embryo. 

(c) Micropyle remains as a small pore in the 
seed coat to facilitate entry. of O, and water into 
the seed during germination. 

(d) Integuments ofan ovule harden and the water 
content is highly reduced, as the seed matures to 
enable the seed to remain viable for a long time 
during the period of dormancy. The seed may 
enter a state of inactivity called dormancy and 
germinates only when the favourable conditions 
are available. | 

(e) Apple and cashew are not called true fruits as 
in these fruits, along with the ovary, thalamus also 
forms a part of fruit. 


173. Refer to answers 150 and 151. 


174. (a) Refer to answer 151. 

(b) Endosperm is the food laden tissu 
after double fertilisation. EE i an 
to the developing embi 


b 


e formed 
rishment 









f n pu . 
development precedes that 
Piat ary. re 
(c) Refer to answer 130. ‘ 
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175. In hybrid apomicts, there is no s 
of characters in hybrid proge 3 
keep on using the hybrid see 
year after year and they do 
hybrid seeds every year. 


egregation 
Ny. So, farmers can 
ds to raise new crop 
not have to buy new 


176. Hybrid seeds have to be produced year after 
year because seeds collected from hybrid plants 
if sown subsequently, do not maintain hybrid 
characters due to segregation.of traits. 

177.In orange seed, embryos originate by 
adventive embryony from diploid cells of nucellus 
Or integuments and thus,» if Orange seed is 


Squeezed many embryos of different sizes can be 
observed. 


178. Advantages of apomictic seeds of hybrid 
varieties to farmer are as follows: 

(i) It. will reduce the cost on purchasing hybrid 
seeds every year. 

(ii) Apomixis is genetically controlled so genes 
of apomixis can be introduced in hybrid varieties. 


179. Apomixis is a mode of reproduction which 
does not involve formation of zygote through 
gametic fusion. It is a form of asexual reproduction 
that mimics sexual reproduction, in which seeds 
are produced without fertilisation. It is common 
in grasses and species of Family Asteraceae. 
Apomicts have advantages in horticulture and 
agriculture, particularly hybrid seed industry. 


(i) The hybrid varieties are more productive but 
production of these seeds is very costly and time 
consuming and such seeds do not maintain hybrid 
vigour in progeny due to segregation of characters 
/ genes during meiosis. If the hybrids are made 
into apomicts, there will be no segregation of 
genes due to no meiosis. Thus, apomictic hybrid 
seeds can be used year after year which will reduce 
the cost on purchasing hybrid seeds every year. 


(ii) Adventive embryos are better clones than 


cuttings. 
(iii) Apomictic embryos are generally free from 


infections. 7 
180. There are several methods of apomictic 


development in seeds. The two common ones are 


recurrent agamospermy and adventive embryony. 
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(i) Recurrent agamospermy : Agamospermy is 
the formation of seed that has an embryo formed 
Without meiosis and syngamy. It is of two types; 
Nonrecurrent and recurrent. In nonrecurrent 
agamospermy, the embryo is haploid. Therefore, 
the seed having it is non-viable. In recurrent 
agamospermy all the cells of embryo sac are 
diploid as it is formed directly either from a 
nucellar cell (apospory) or diploid megaspore 
mother cell (diplospory), e.g., Rubus, apple. 

(ii) Adventive embryony : An embryo develops 
directly from a diploid cell other than egg like that 
of nucellus and integument, e.g., Citrus, Opuntia. 
181. (a) Seeds of some grasses are called 
apomictic because they are produced without 
fertilisation and do not involve formation of zygote 
through gametic fusion. 

(b) Two reasons to convince a farmer to use an 
apomictic crop are as follows: 

(i) Production of infection free embryo for 
development of plant. 

(ii) Production of better clones as adventive 

embryos are better clones than cuttings. 

182. Refer to answer 180. 


183. Polyembryony is the occurrence of more 
than one embryo in a.seed, In Citrus, some of 
the nucellar cells surrounding the embryo sac 
Start dividing, protrude into the embryo sac and 
develop intothe embryos. So, their seed contains 
many embryos and are referred as polyembryonic 
seed. 

184. Refer to answers 179 

185. Refer to answer 177. 


186. (a) In the members of Family Asteraceae, 
seeds develop without fertilisation. This process 
is called apomixis, 
(b) Two ways by which seeds develop without 
fertilisation are as follows: 
(i) In some species, the diploid (2n) e 
formed without reduction division and 
into embryo without fertilisation. 
(ii) In many varieties of Citrus and Mango some 
of the nucellar cells surrounding the embryo sac 
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embryos are a is a mode of reproductig 
188. (a) Ap not involve formation of yp, 
which gaaer fusion whereas parthenocar, 
through Soran‘ of zygote through gamet 
— t»produces seedless fruits. Asomiy 
— | Aè, without fertilisation e.g., son 
produ Asteraceae and grasses parthenocar 
7 Aktion and development of seedless fru 
e.g., banana, grapes. 
(b) Refer to answer 180. 
189. Refer to answers 179 and 183. 
190. (a) When a seed of an orange is squeez 
many embryos instead of one are observed, t 
is due to polyembryony. Polyembryony is | 
occurrence of more than one embryo in a ge 
This takes place in many Citrus fruits such 
orange and mango varieties when some of 
nucellar cells surrounding the embryo sac s 
dividing and protrude into the embryo sac. Th 
cells develop into the embryos and as a resul 
such species each ovule contains many embry 
(b) The embryos formed as a result 
polyembryony may Or may not be genetic 
hin ae polyembryony, there may be n 

8g cell in an embryo sac or n 
than one embryo sg 
cells may get fertilised. The embryos mai 
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>> Maximum weightage is of Gametogenesis. >> Maximum SA |, SA Il and LA type questions 


» Maximum VSA type questions were selec were asked from Gametogenesis. 


from Gametogenesis and Fertilisation and 
Implantation. 


QUICK RECAP 


D Reproductive system is a collection of internal © Human beings reproduce sexually and are 


and external organs in both males and females viviparous i.e., they give birth to young ones. 
that work together for purpose of producing a Q Reproductive units are specialised cells called 
new generation of living organisms similar to gametes, which are of two types: male gamete 


their parents. (spermatozoa) and female gamete (ova). 
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© These sex cells or gametes are formed in 
separate, paired organs of mesodermal 
Origin, called gonads. 


© 


The gonads that produce male gametes or 
sperms are called testes, while those producing 
temale gametes or ova are termed as ovaries. 






Reproductive System 






Primary sex organs 
Organs which produce gametes and 
secrete sex hormones, e.g. testes in males 
and ovaries in females. 








Secondary sex organs 
Organs which neither produce gametes 
nor secrete sex hormones, but perform 
important function in reproductive 
process. It includes external genitalia and 
ducts for transporation of gametes. e.g., 
epididymes, vasa deferentia, penis, etc. in 
males and oviducts, uterus, etc. in females. 








© Secondary sex characters are external 
features which provide distinctiveness to the 
two sexes. They have no direct role in sexual 
reproduction phenomenon when. male 
and female individuals are differentiated 
externally is called sexual dimorphism. 


Puberty is the period, when primary sex 
organs become functional. and starts 
secreting sex hormones which bring about 
development of secondary sex organs and 
appearance of secondary sex characters. 
These changes occur in response to rising 
levels of gonadal hormones. It occurs 
approximately between 10 and 15 years in 
both males and females. 


Adolescence is the period between puberty 
to complete sexual maturity. Generally, it is 
considered to start with the development of 
secondary sexual characteristics and ends 
when physical growth of body slows down. 
In humans, age 11 to 20 years for boys and 10 
to 18 years for girls is the adolescence period. 


THE MALE REPRODUCTIVE SYSTEM 


© Male reproductive system is located in the 
Pelvis region. It includes a pair of testes 


along with accesso 
ry ducts, glands and 
external genitalia. : y 
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© Testes are paired structures which lie outside 


© 


© 
© 


the abdominal cavity in a thin pouch of 
skin called scrotum. The scrotum helps 
in maintaining the low temperature of 
the testes (2-2.5°C lower than the normal 
internal body temperature) necessary for 
spermatogenesis. 


Each testis has about 250 : 
lobules, each containing l to 3 highly 
coiled seminiferous tubules. Wall of each 
seminiferous tubule is formed of a single 
layered germinal epithelium and few 
tall Sertoli or sustentacular cells are also 
present. Sertoli cells provide nutrition to 
the developing sperms. In between the 
seminiferous tubules interstitial or Leydig’s 
cells are present which secrete androgens 
i.e., male sex hormones (e.g., testosterone). 


The. seminiferous tubules are closed at one 
end but on the other side they join to form 
a network, the rete testis, from where fine 
ciliated ductules, the vasa efferentia arise. 
The vasa efferentia leave the testis and open 
into epididymis located along the posterior 
surface of each testis. Vas deferens is 
connected with epididymis at the tail end. 
The union of the canals from seminal vesicles 
and vas deferens forms the ejaculatory duct. 


testicular 


Rete testis, vasa efferentia, epididymes and 
vasa deferentia (or vas deferens) are called 
the male accessory ducts. These ducts store 
and transport the sperms from the testis to 
the outside through urethra. 


The penis is a cylindrical and highly 
vascularised copulatory organ. ‘The enlarged 
end of penis, called the glans penis, is 
covered by a loose fold of the skin called 
prepuce or foreskin. 


Semen is a collection of secretion from 
epididymis, seminal vesicles, prostate glands 
and cowper’s gland. 


— cancer, impotence, Sterility, inguinal 
ie cryptorchidism are the common 
lsorders of male reproductive system. 


THE FEMALE REPRODUCTIVE SYSTEM 


© The female reproductive system consists of 


ies of ovaries, a Pair of Fallopian tubes 

y , 

a ucts), uterus, vagina, external genitalia 
va) and breasts. A pair of breasts 


(mammary glands) are present for child care. 


Human Reproduction 


Paired, glandular, sac like 
structures situated near the base 
of urinary bladder. They secrete 
viscous fluid which constitutes 
the maximum part of the 
ejaculate. Seminal fluid contains 
fructose, prostaglandins and 
clotting proteins. 
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Male accessory glands 





Seminal vesicles 


© The two ovaries are small bodies each 2 to 


Q 


4 cm in length which remain attached to 
the abdominal wall by an ovarian ligament 
called mesovarium (or fold of peritoneum). 
It is covered by a layer of cubical epithelium 
called the germinal epithelium and under it 
is ovarian stroma. 


The oviduct (Fallopian tubes), uterus and 
vagina constitute the female accessory ducts. 


Each Fallopian tube is about 10 to 12 cm 
long muscular tube. It conveys, the egg 
from the ovary to the uterus, and) also 
provides the appropriate environment 
for its fertilisation. The, oviduct consist of 
3 regions-infundibulum, ampulla and 
isthmus. Infundibulum is the broad, 
funnel-shaped proximal part lying closer to 
the ovary./ Its margin bears motile, finger- 
like processes called fimbriae which help in 
the collection ofthe ovum after ovulation. 
Ampulla is the widest and longest part of 
the oviduct. Isthmus is a very short, narrow, 
thick-walled, straight part that follows the 
ampulla. 


The uterus (womb) is a large, highly elastic 
medium specialized for the development of 
the embryo. Its shape is like an inverted pear. 
It is attached to the body wall by a double 
fold of peritoneum, the mesometrium 


(broad ligament). The uterus has a thick, 
highly vascular wall composed of three 
tissues: outer peritoneal covering called 





Prostate gland 

Large chestnut shaped gland that 
surrounds the urethra. Prostate 
fluid contains citric acid, enzymes 
(acid phosphatase, amylase, 
pepsinogen) and prostaglandins. 
The secretion of the prostate gland 
nourishes and activates the 
spermatozoa to swim. 


Bulbourethral glands 

(or Cowper's glands) 
A pair of pea-sized structures 
lying adjacent to urethra. 
They secrete a clear, viscous 
mucous which is lubricating 
in function. The alkaline 
fluids geereted by them 
neutgalises any acid from 
urine in urethra. 


termed myometrium and inner mucous 
membrane known as endometrium. 
Endometrium undergoes cyclic changes 
during different phases of menstrual cycle. 


The uterus opens into vagina through a 
narrow cervix. The cavity of the cervix is 
called cervical canal. 


The female external genitalia include the 
mons pubis, labia majora, labia minora, 
clitoris, vestibule of the vagina and 
vestibular glands. External genetalia are 
collectively called vulva. 


The sides of the vulva have two small fleshy 
folds, the labia minora (lesser lips) which are 
surrounded by larger hairy folds called the 
labia majora (greater lips). A fleshy elevation 
above the labia majora is known as mons 
pubis. In the uppermost angle of the vulva, 
in front of the urethral opening, is located 
a small erectile clitoris which is highly 
sensitive as it contains numerous sensory 
nerve endings for touch and pressure. 


Mammary glands are modified sweat glands 
that lie over the pectoralis major muscle. 
Externally, each breast has a projection, the 
nipple, surrounded by a circular pigmented 
area of skin (deep pink to light brown) called 
areola. The glandular tissue comprises about 
15-20 mammary lobes in each breast. Each 
lobe is made up of a number of lobules. Each 
lobule is composed of grape-like clusters of 
milk secreting glands termed alv oli. When 
milk is produced it passes from the alveoli 


A 
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© 


into the mammary tubules and then into the 
mammary ducts. Near the nipple, mammary 
ducts expand to form mammary ampullae 
(= lactiferous sinuses) where some milk 
may be stored before going tO lactiferous 
ducts. Each lactiferous duct typically carries 
milk from one of the lobes to exterior. 


Breast cancer, cervical cancer, ovarian cysts, 
ectopic pregnancy, menstrual disorders, 
infertility are the common disorders of female 


reproductive system. 


GAMETOGENESIS 


© 



































Menstrual phase 


Follicular phase 
(Proliferative phase) 


Ovulatory phase 


Luteal phase 
(Secretory phase) 


Gametogenesis is the process by which male 
and female sex cells or gametes i.e., sperm 
and ova are formed respectively in the male 
and female gonads (testes and ovaries). It 
is the major reproductive event in sexual 
reproduction. 


Gametogenesis for the formation of sperms is 
termed spermatogenesis while that of.ova is 


called oogenesis. 


rmiogenesis is the transformation of 


Spe 
(sperms). 


the spermatids into spermatozoa 


15'h-28"" 













increase. 







FERTILISATION AND IMPLANTATION 


© Fertilisation is the process of fusion of haploid 


© 


male and female gametes ( 
ovum respectively) so as 
zygote. 

In human beings, fe 


takes place mostly in t 
junction of the ovi 


© The secretions of t 


spermatozoon and 
to form a diploid 


rtilisation is internal and 
he ampullary-isthmic 
duct (Fallopian tube). 


he female genital tract 


© Phases of menstrual cycle 


Endometrium breaks down, 
endometrium, secretions, blood an 
the menstrual flow. Progesterone production is reduced. 


Endometrium rebuilds, 


Both LH and FSH attain a peak level. Concentration of estrogen in 
the blood is also high and reaches its peak. Ovulation occurs. 
Corpus luteum secretes progesterone. Endometrium thickens and 


uterine glands become secretory. 
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Spermiation isthe prog essol release ol sperms 
from Sertoli cell. 


Ovulation is the release of secondary oocyte, 
after puberty, one eevery month from Graafian 
follicle, by one of the ovary. 

A brief account of gametogenes!s 1> given on 


the next page. 


MENSTRUAL CYCLE 
© Menstrual cycle is the cyclic change in the 


reproductive tract of primate females. The 


reproductive period of the human female 
contingreitoniampoubthe age of about 12-15 
years lo 45-55, years. 

gins at puberty and is 


First menstruation be 
a phase in 


called menarch. Menopause is 
woman’slifewhenovulationand menstruation 
stop. It occurs between 45 to 55 years of age. 
al cycle is counted 
f the flow to the 
riod is divided 
d in the table 


The period of a menstru 
from the day of the onset o 
next onset after 28 days. This pe 
‘nto four main phases explaine 
given below. 


menstruation begins. The cells of 
d the unfertilised ovum constitute 








FSH secretion and estrogen’s secretion 
















remove coating substances deposited on the 
surface of the sperms particularly those on the 
acrosome, exposing its receptor site and thus 
sperm become active to penetrate the egg. 
This phenomenon is known as capacitation. 


The capacitated sperm undergoes acrosomal 
reaction and releases various chemicals 
contained in the acrosome. These chemicals 
are collectively called sperm lysins. 
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At puberty Chromosome 
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S i WNI $ Oogonia Multiplication 
congas | a a per cell t Mitosis ohase 
Osis ; 
phase l difenin Fetal life differentiation 
Primary 4— 46 —> Primary oocyte | Growth phase 
Growth spermatocytes Airmeti 
phase I meiotic division 
divisi 
Ston Birt] (Completed 
Secondary spermatocytes RL aaa a [2 prior to ovulation) 
Maturation Jnd a eidite Childhood 
phase | division - 4—23 —> hi ORE PE E A T paranan 
phase 
atids , S di 
5 Spermatids Adit Wied polar |) Secondary 
permio- Diff, a oocyte 
genesis imerentiation reproductive body | 
Spermatozoa anin life A o 
vum 








$ 


Second polar 
body 


(b) 


(a) Spermatogenesis, (b) Oogenesis 


Structure of Sperm 

Sperms are microscopic, motile and remain viable for 24 
to 48 hrs, after their release in the female genital tract. 

A typical spermatozoan consists of head, neck, middle 
piece and tail. Head contains anterior acrosome and 
posterior nucleus; acrosome contains sperm lysins for 
egg penetration during fertilisation. Neck connects head 
to middle piece; contains proximal centriole towards the 
nucleus, which has a role in the first cleavageof the zygote 
and distal centriole, that gives rise to the axial filament of 
the sperm. Middle piece bears the mitochondrial spiral, 
therefore called ‘power house of sperm. Tail is several 


times longer than the head. _ A 
~N Hypothalamus a 


toy 


= 


High levels of 
circulating testosterone G) GnRH 
produced by the 
Leydig’s cells. 
Inhibits GnRH Q o O 
and LH production 

LH FSH 

O Testes O 


Ld 


Leydig 
cells La 


oe: 
Spermatogenesis 


i Inhibin 




















Reproductive 
tract and other 
organs 


—+)-» = Stimulates 


—Q> = Inhibits 





The hormone inhibin 
produced by the sertoli 
cells, inhibits GnRH 


+ 5go id ea ee 
Hormonal control of male reorodie ye svst ag 
IRCA aan 


Structure of Ovum 

Ovum is spherical, alecithal, with cytoplasm containing 
germinal vesicle or nucleus, nucleolus and cortical 
granules; cytoplasm protected by plasma membrane; 
shows polarity, differentiated into an animal pole and a 
vegetal pole; centrioles absent, protected by two coverings. 
Corona radiata is outer, multicellular covering of radially 
elongated follicular cells, held together by hyaluronic 
acid. Zona pellucida is inner, noncellular, glycoprotein 
rich covering with receptor proteins; bears ingrowth 
of follicular cells for transfer of nutrients to the egg. 
Perivitelline space is present between plasma membrane 


and zona pellucida. 
Hypothalamus 
© 


GnRH 


Anterior lobe of 
© Pituitary gland © 


LH/FSH 


Oestrogen 
Progesterone 


4 


Negative 
Feedback 


Positive 
Feedback 









rea oat Hormonal control of female reproductive svstem 
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© Due to acrosomal reaction, plasma 
membrane of the sperm fuses with the 
plasma membrane of the secondary oocyte 
so that the sperm contents enter the oocyte. 
Changes in the membrane of the oocyte 
block the entry of additional sperms. Thus, 1t 
ensures that only one sperm can fertilise an 
ovum. 


© Entry of the sperm induces the completion of 
the second meiotic division of the secondary 
oocyte. The second meiotic division is also 
unequal and results in the formation of 
second polar body and a haploid ovum 
(ootid). Soon the haploid nucleus of the 
sperm and that of the ovum fuse together to 
form a diploid zygote. 


© Mixing up of the chromosomes of a 
spermatozoon and ovum is called karyogamy 
or amphimixis. 


© Fertilisation restores the diploid number 
of chromosomes of the species, initiates 
cleavage and further development and results 
in determination of sex in the embryo. 


© The fertilised egg undergoes a series of 
repeated mitotic cell divisions, which occur 
in rapid succession to. produce a many celled 
blastula. This phase is known as cleavage. 


© Implantation is embedding of the blastocyst 
into the endometrium of the uterus. It takes 
place about.seven days after fertilisation. The 
function of the zona pellucida is to prevent the 
implantation of the blastocyst at an abnormal 
site. Implantation leads to pregnancy. 


(iii))/Morula | Third to fourth day 








Fifth day to end of second 
tigers hari gars 
week £ 





ams 


"j -T . è 
. d ; 
i >? 4t 
$r -$ 

' f oo $+ 


iv) |Blastocyst 
Ov eee te 








EMBRYON 


© 


© 


and 
embryonic di 
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c DEVELOPMENT 


development or embryogene, 
pment of embryo from fertiliz, 
bsequent development into, 


Embryonic 
he develo 
m and its SU 
organism. 
youre”  lantstlc, finger-like projection, 
After imp the trophoblast called chorion; 
appear Non are surrounded by the uterine 
villi w d maternal blood. The chorion 
tissue a tissue become interdigitateg 
villi an h other and jointly form a structury 
~ Scenes unit between developin 
abe (foetus) and maternal body calle 


placenta. 


is t 
ovu 


Placenta acts asa barrier as well as ultrafilte, 
between foetus and mother. It is connected 
to foetus by a rope-like umbilical corq 
which helps in the transport of substances tg 
and from the embryo. 

It also acts as an endocrine tissue and 
produces hormones like hCG (human 
chorionic gonadotropin), chorionic 
thyrotropin, chorionic corticotropin, hC§ 
(human chorionic somatomammotropin), 
estrogen and progesterone. hCG keeps the 
corpus luteum active. The latter secretes 
progesterone and relaxin. In addition, during 
pregnancy, the levels of other hormones like 
estrogens, progestogens, cortisol, prolactin, 
thyroxine, etc., are increased several folds in 
the maternal blood. 


Transformation of the blastocyst into gastrula 
with primary germ layers by rearrangement 
of the cells is called gastrulation. 





inc 
j number of cells withov} 
plasmic mass. | 


d CO e 
*SOMpr a 
blastocyst prising trophoblast, embryo! 


Cav] 
SC forms ity, Implantation occult 


> Primary oa 
y germ layers established. 
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© Gastrulation involves the rearrange 
and migration of cells from the èi ‘blast. A 
primitive streak which is a faint ame ja 
the dorsal surface of the epiblast is formed. 


© In all the triploblastic animals, three ge 
layers - ectoderm, mesoderm and enåode a 
are formed by characteristic iaai 
of some of the cells called morph A 
movements. EE 


© After the formation of the primitive streal 
cells of the epiblast move inward alee 
the primitive streak and detach from the 
epiblast. This inverting movement is called 
invagination. Once the cells have invaginated 
some of them displace the hypoblast formin 
the endoderm. Endoderm develops first 
during embryonic development. Other 
cells remain between the epiblast and newly 
formed endoderm forms the mesoderm. Cells 
remaining in the epiblast form ectoderm. 


The growing embryo/foetus develops extra- 
embryonic or foetal membranes. These are 
chorion, amnion, allantois and yolk sac. 


Organogenesis involves differentiation 
and specialisation of groups ofacells in the 
individual germ layers. 
Each germ layer gives 


tissues, organs and or 
germ layers have the same 


rise to the specific 
gan - systems. The 
fate in all animals. 


Fate of germ layers 


















Epidermis of skin, skin glands, hair, nails, nervous 
medulla of adrenal gland, posterior and 
lobes of pituitary gland, pineal gland, 
d nasal epithelium, etc. 


Mesoderm 


f skin, muscles, connective tissues, 
kidneys, cortex of adrenal glands, 
gonads, urinary and reproductive ducts, heart, 
blood lymph vessels and spleen, etc. 


tinal glands, tongue epithelium, 
terior lobe of pituitary gland, 
thyroid glands, thymus gland, 
bronchi and lungs, lining © 
ying of middle ear, etc. 


system, 
intermediate 
eye, internal ear an 


















Dermis O 
peritoneum, 






















Gastric and intes 
liver, pancreas, an 
thyroid gland, para 
lining of trachea, 
urinary bladder, lir 
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© In human beings, after one month of 
pregnancy, the embryos heart is formed. By 
the end of the second month of pregnancy 
the foetus develops limbs and digits. By the 
end of 12 weeks (first trimester), most of the 
major organ systems are formed. The first 
movements of the foetus and appearance of 
hair on the head are usually observed during 
the fifth month. By the end of 24 weeks 
(second trimester), the body is covered with 
fine hair, eye-lids separate, and eyelashes 
are formed. By the end of nine months of 
pregnancy, the foetus is fully developed and 
is ready for delivery. 


PARTURITION AND LACTATION 


© Parturition isthe act of expelling the full- 
term young one from the mother’s uterus at 
the end of gestation. Gestation (pregnancy) 
is completed in about 280 days from the start 
of mother’s last menstruation. 

© Parturition is induced by a complex 
neuroendocrine mechanism. The signals 
for parturition originate from the fully 
developed foetus and the placenta which 
induce mild uterine contractions called 
foetal ejection reflex. This triggers release of 
oxytocin from the maternal pituitary. 


© Oxytocin stimulates the uterine contractions. 

This provides force to expel the baby 
from the uterus, causing birth. Oxytocin 
also stimulates the placenta to secrete 
prostaglandins which stimulate more 
contractions of uterus. Uterine contractions, 
by positive feedback induce continuation of 
oxytocin and prostaglandins production. 


© The forceful muscular contractions of the 
uterine wall leading to parturition are called 
labour. After birth of the baby, placenta and 
remains of umbilical cord are expelled by 
another series of uterine contraction. These 
structures are referred to as the “after birth’. 


© The mammary glands of the female undergo 
differentiation during pregnancy and 
start producing milk towards the end of 
pregnancy by the process called lactation. 
This helps the mother in feeding the new 
born. The milk produced during the initial 
few days of lactation is called colostrum 
which contains several antibodies absolutely 
essential to develop resistance for the new- 


born babies. 







3.1 The Male Reproductive System 


BVSAY (1 mark) 


l. Name the cells that nourish the germ cells 
in the testes. Where are these cells located in 
(Al 2013C) 


the testes? 


Write the function of the seminal vesicle., 
(1/3, Delhi 2012) 


Pd 


3. Write the location and function of Sertoli 


cells in humans. (Delhi 2012) 


4. Give reasons for the following : 


Ihe human testes are located outside the 


abdominal cavity. (1/2, AI 2012) 


SATS (2 marks) 


3. Why are the human testes located outside the 
abdominal cavity ? Name the pouch in which 
they are present. (AI 2014) 

6. Write the location and functions ofthe 
following in human testes : 
(a) Sertoli cells 
(b) Leydig’s cells 

7. Draw a diagrammatic of a sectional view of 


seminiferous tubule of a human. 
(2/5, AI 2010) 


(Al 2014) 


8. Explain ‘the role of: Sertoli cells in the 
development of sperms. (Delhi 2010C) 
9. Why are the human testes situated in the 


scrotum outside the abdomen? 
(2/5, Delhi 2010C) 


10. Where are the Leydig’s cells present? What is 
their role in reproduction? (AI 2009) 


. BET (3 marks) 


I1. Draw a labelled diagrammatic sectional view 


of a human seminiferous tubule. 
(Delhi 2017) 


12. Draw a labelled diagram of the sectional 
view of the seminiferous tubule of a human. 
(Foreign 2015, Delhi 2014, 2010) 











13. 


14. 


15. 
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89 lp 


j i - + 
Fi ef 


The above diagram shows human Mal 
reproductive system (one side only), ¢ 





(a) Identify *X’ and write its location jp the 


body. 
(b) Name the accessory gland ‘Y’ ang ite 


secretion. 


(c) Name and state the function of ‘7’ 
(Delhi 2015C) 


Draw a sectional view of seminiferous 


tubules of human. Label Sertoli cells, 


spermatogonia and Leydig’ cell on it and 
write their function. (3/5, AI 2015C) 


Differentiate between the location and 


function of Sertoli cells and Leydig’s cells. 
(AI 2010C) 


PN (5 marks) o = 


16. 


17. 


(a) Draw a labelled diagrammatic view of 

human male reproductive system. 

(b) Differentiate between : 

(i) Vas deferens and vasa efferentia. 

(ii) Spermatogenesis and spermiogenesis. 
(Delhi 2014) 

(a) Write the specific location and the 

functions of the following cells in human 

males : 

(i) Leydig’s cells 

(ii) Sertoli cells 

(iii) Primary spermatocyte 

(b) Explain the role of any two accessory 


glands in human male reproductive system. 
(Delhi 2011) 


Human Reproduction 


3.2 The Fem 
ale 
System Reproductive 


EVSA (1 mark) 


18. Write the functio 
n of (oviduca 
l) fimbriae 


(1/3, Delhi 2¢ 
i f] 
TSAI | (2 marks) ki 


19. Draw a labelled di 
i lagr 
female reproductive i of the human 
(2/5, Delhi 
20. Explain the functions of myo al 2011) 
endometrium in human —a“ = and 
(Delhi 2011C) 


21. Mention the nam 
7 es and the chara isti 
> > a f 
a uterine wall layers in humans. 
` lich one of them undergoes cyclic chan ai 
uring menstrual cycles? (Delhi 201 IC) 


22. Where are fimbriae present in human female 
reproductive system? Give their function 
(Delhi 2009) 






hows a part of the 


ductive system. 
t would be 


born baby. 





The diagram abo 


human fema 
(a) Name the gamete cells tha 
taken from a new 
nd write its function. 

ts that take 
(Al 2015C) 


present in ‘x at 
(b) Name ‘y’ a 
(c) Name ‘Z’ and write the even 


place here. 
the role of the inner and 


Name and explain 
middle walls of the humans uterus. 
(Delhi 2014) 


onal view of the 


agrammatic sectl 
of human and 


Draw a di 
ve system 


female reproducti 
label the parts 
(i) where the 


secondary oocytes develop 





36. 


37. Mention the 


‘4 
5# 


(iy h 
) which helps in coflection tA errari sbat 
orulatiom Sa 
(ili) where ferti]isation occurs 
liyi e | 
= l 
) where implantation of ermbryo occurs 
26. D (31/5. Deis 2013) 
k aiis hef 
raw a labelled diagram of the reproductive 
system in a hr ” Al 2081 
J ur Si ry 
wuman female. (AÍ 2031) 


3.3 Gametogenesis 


(1 mark) 


spermatogenes 



















sis and the 
human fernales 
(Deihi 2012) 


nce between spermato- 
(Delhi 2012) 


function of acrosome of human 
(1/3. Deira 2012) 
humans? 


is acrosome present in 
(Af 2012) 


e its function. 
the changes the primary oocyte 
undergoes in the tertary follicular stage in the 
(Foreign 2011) 


human ovary. 
2 (1/3, Al 2010C) 


When does oogenesis begin 


EA (2 marks) 


33. Explain 


the role of pituitary and sex 
hormones in the process of spermatogenesis. 

(2/5, AI 2015C) 
Draw and label the parts of the head region 
only of a human sperm. (AI 2014C) 


Explain the hormonal] regulation of the 
process of spermatogenesis in humans. 
(2/5, Al 2013) 


Draw a detailed structure of a human sperm. 


Label the cellular components. 
(2/5, Delhi 2013C) 


event of meiosis that occurs in 


the tertiary follicle in a human ovary. 
(2/5, Delhi 201 3C) 


Draw labelled diagram of 2 human sperm. 
(2/5, Al 2013C, 


38. 
39. Write the function of each of the following : 
(a) Middle piece in human sperm. 
(b) Luteinising hormone in human males. 
(2/3. Delhi 201 2) 





d 
— 


tji 


Identify A, B, C and D with reference to 
sametogenesis in humans, in the flow chart 


40. 


7S O 
b 


h . 
iven below. 


GnRH 


‘= 
ile 





oo - 


Androgens Factors 
(AI 2012C) 


41. Name the labels a, b, c, d, e, fin the diagram 


ot seminiferous tubule. 
’ e 













D 

O | 
90) 
Kt 


D) 
OY 


(4 
J 


O}iy 
ow 
So 






(Delhi 2011) 


SAT | (3 marks) 


42. Draw a diagram off mature human sperm. 


43. 


46. 


7 H H . 
Lanei any 
La 


three Parts and write their 
(2018) 

raw a labelled diagram ofa human sperm. 
(Foreign 2015) 

Draw a diagram of human sperm. Label only 
those parts along with their functions, that 


assist the sperm to reach and gain entry into 
the female gamete. 


functions. 


(Foreign 2014 ) 
Explain the hormonal control of 
spermatogenesis in humans, (Foreign 2014 ) 
Draw a dia 


Sram of the micros 
of human *Perm. Label the 


it and write their functions 
(a) | 


Copic structure 
following parts in 
Acrosome 

(b) Nucleus 


(c) Middle piece (Delhi 2013) 
i 


48. 


49. 


50. 


51. 


BR. 


53. 
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diagrammatic sections bel S 
Draw a z bule and label £ ertolj 


rmatogonium 


: (3/5, AI 2013) 
in it. 
and spermatozoa | 
r aps in the formation of an 
apa m in humans. 


(AI 2013, 2009C) 


human seminiferous tu a 
cell, primary spermatocyte, 


Explain ; 
iu 
ovum from an oogon 


labelled diagram of the microscopi, 
Draw a 


sperm. 
structure of a human Sp 


(Foreign 2011, Delhi 2009¢) 
the process of 


uence 
4 (3/5, A1 2010) 


Describe in Nan. 
spermatogenesis in y anal view 
Draw a diagrammatic aa of 
human ovary to show the development of 


follicles and ovulation. Label the differen, 


s dia rani. 
stages in the diag (3/5, Delhi 2010C, 2009) 


7 f luteinisin 

the target cells o g 
MA A in human males and females. 
Explain the effect and the changes which the 

induces in each case. 

hormone! (Delhi 2009C) 
Draw a sectional view of human Ovary. Label 
the following parts : 
(i) 
(ii) Ovum 
(iii) Graafian follicle 


(iv) Corpus luteum 


Primary follicle 


(AI 2009C) 


PW (5 marks) 


54. 


55. 


Explain the development of a secondary 
oocyte (ovum) in a human female from the 
embryonic stage upto its ovulation. Name 
the hormones involved in this process. 

(Delhi 2015) 


the hormone that 
spermatogenesis in humans. 


process of spermatogenesis 
mentioning the Ploidy of the 


initiates 
Describe the 
in sequence 
Cells at each 


ach the ovum. 


gain entry into the ovum. 
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56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


(a) How is oogenesis markedly different 
from ‘spermatogenesis with respect to the 
growth till puberty in the humans? 

b) Draw a sectional view of human ovary 
and label the different follicular stages, ovum 
and corpus luteum. (Delhi 2014) 
Schematically represent and explain the 
events of spermatogenesis in humans 

(Delhi 2014C) 
(a) Draw a transverse section of human 
ovary showing the sequential development 
of different follicles up to the corpus luteum 
(b) Comment on the corresponding 


ovarian and pituitary hormone levels during 
these events. (AI 2014C) 
(a) Describe the events of spermatogenesis 
with the help of a schematic representation. 
(b) Write two differences between sperma- 
togenesis and oogenesis. (Delhi 2013) 
(a) Describe the events of oogenesis with 
the help of schematic representation. 
(b) Write two differences between 
oogenesis and spermatogenesis. (Delhi 2013) 
When does oogenesis start in humans? Name 
the three hormones and their source linked 
with oogenesis. How do they influence the 
process of oogenesis? Explain. 
(Delhi 2013C) 
Draw a labelled diagram of the microscopic 
structure of a human sperm. Explain the 
functions of each part. (Delhi 2012C) 
(a) Describe the stages of oogenesis in 
human females. 
(b) Draw a labelled diagram of a human 
ovum released after ovulation. (Delhi 201 1) 
(a) Explain with the help of schematic 
the process of formation of 
human female. 
ogenesis different from 
d above? Explain. 


representation 
mature gamete in a 


(b) How is spermat 


the process mentione 
(AI 2011C) 
(a) Describe with the help of schematic 
nesis in a 


diagram the process of spermatoge 


human male. 
(b) Draw a labelled diagram of mature 
sperm. (Al 2011C, 2010) 


nA gk SSI s, 


66. 


67. 


68. 
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(a) Draw a schematic diagram of a human 
sperm and label the cellular components. 
Give the functions of any three parts. 
(b) Where are the sperm head 
embedded to survive after spermatogenesis? 

(Delhi 2009) 


the 


found 


Study the following chart. Name 


hormones involved at each stage. Explain 


their functions. 


Hypothalamus 
L 


Pituitary 
4 
Testes 


1 


Sperms 

(Delhi 2009) 
rent stages of oogenesis 
g from foetal life till its 
re in body is 
(Delhi 2009C) 


Explain the diffe 
in humans startin 
completion. When and whe 


oogenesis completed. 


3.4 Menstrual Cycle 





70. 


SATS (2 marks) 


71. 


72. 


73. 


74. 


= (mark o 


Name the phase of menstrual cycle when a 
Graafian follicle transformsinto an endocrine 


structure. Write its action thereafter. 
(1/5, Delhi 2013C) 


Write the physiological reason, why a woman 


generally cannot conceive a child after 50 
years of age? (AI 2013C) 


centration of 
(AI 2014) 


structural 


Write the effect of the high con 
LH on mature Graafian follicle. 
between major 

human ovary during the 
teal phase of the menstrual 


Differentiate 
changes in the 
follicular and lu 


cycle. (AI 2010) 
Differentiate between menarche and 
menopause. (AI 2010) 


f menstrual cycle is corpus 
females? When 


(Delhi 2010C) 


At what stage O 
luteum formed in human 


does it regress? 


Ss 
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75. Name the muscular and the glandular layers (5 marks) 


of human uterus. Which one of these layers 84. (a) Explain menstrual cycle in human 


undergoes cyclic changes during menstrual females 
eyaler Name the hormone essential for the (bi) How ean the Selentige wres anioe of 
maintenance of this layer. (Delhi 2009) the menstrual cycle of human females help as 
76. Name the hormones influencing a contraceptive measure? (2018) 
(a) ovulation, 85. (a) Explain the following phases in the 
(b) development of corpus luteum. menstrual cycle of a human female: 
(2/3, AI 2009C) i) Menidia 
77. Mention the role of gonadotropins in (ii) Follicular phase 
menstrual cycle. On what day of the (iii) Luteal phase 
menstrual cycle do the gonadotropins reach (b) A proper understanding of menstrual 
a peak? (AI 2009C) cycle can help immensely in family planning. 
Do you agree with the statement? Provide 
PET (3 marks) B reasons for your answer. (AI 2017) 


78. Explain the events in a normal woman 86. (a) Explain the menstrual phase in a 


during her menstrual cycle on the following human female. State the levels of ovarian and 
pituitary hormones during this phase. 


days: 

(a) Ovarian event from 13-15 days (b) Why is follicular phase in the menstrual 
(b) Ovarian hormones level from 16 to 23 cycle also referred as proliferative phase? 

days Explain. 
(c) Uterine events from 24 to 29 days (c) Explain the events that occur in a 
(Delhi 2015C) Graafian follicle at the time of ovulation and 
79. Explain the events in a normal woman thereafter. ae 1 led 
during her menstrual cycle on the following (d) Draw a Graafian follicle and labe 
antrum and secondary oocyte. (AI 2016) 


days : 
(a) Pituitary hormone levels from 8 to 12 days. 87. | 
(b) Uterine events from 13 to 15 days. hormones during the menstrual cycle in a 


(c) Ovarian events from 16 to 23 days. human female, (Al 2015) 

(A12015C) 88. Explain the ovarian and uterine events that 
occur during a menstrual cycle in a human 
female under the influence of pituitary anc 
ovarian hormones respectively. (Delhi 2014 


Describe the roles of pituitary and ovarian 


80. Explain the role of pituitary and the ovarian 


hormones in menstrual cycle in human 
females. (3/5, Delhi 2013) 


81. When does the corpus luteum degenerate? 
Explain the immediate consequences of its 
degeneration in human female. (AI 2013C) 


89. Explain the different phases of menstrua 
cycle and correlate the phases with th 
different levels, of ovarian hormones in 
human female. (AI 2014C 


The following is the illustration of tt 
sequence of ovarian events “A” to “I” in 
human female. 


82. Enumerate the events in the ovary of a 60 
human female during: 
(a) Follicular phase, 
(b) Luteal phase of menstrual cycle. 
(3/5, Delhi 2011) 


83. With the help of graphical illustration 





only, show the changes in the levels of the E F G H 
pituitary hormone during a menstrual cycle (a) Identify the figure that illustra 
in humans. (Delhi 2011C) ovulation and mention the stage of oogene 


it represents. 


Human Reproduction 


91. 


(b) Name the Ovarian h 

pituitary hormone that 

above mentioned event 

ixplai > 

(c) Explain the changes that occur i 

uterus simultaneously in anticipatio in the 

(d) Write the difference between T - 
and ‘H’ 


(e) Draw a labelled sketch of the struct 
of a human ovum prior to fertilisation cture 


| (Delhi 2012) 
The following is the illustration of the 
sequence of ovarian events “A” to “J” p 
human female. 


ormone and the 
have caused the 


in a 


I Tas D © 
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(a) Identify the figure that illustrates corpus 
luteum and name the pituitary hormone that 
influences its formation. 

(b) Specify the endocrine function of 
corpus luteum. How does it influence the 
uterus? Why is it essential? 

(c) What is the difference between “D” and 
“E”? 

(d) Draw a neat labelled sketch of Graafian 
follicle. (AI 2012) 


When and where are primary oocytes formed 
in human female? Trace the development of 
these oocytes till ovulation (in menstrual 
cycle). How do gonadotropins influence this 
developmental process? (Delhi 2010) 


35 Fertilisation and Implantation 


(1 mark) 


93. 


94. 


95. 


Mention the function of zona pellucida. 
(1/2, 173; Delhi 2015C, 2013) 


How does the sperm penetrate through the 


zona pellucida in human ovum? 
(Delhi 2013C) 

y one sperm and 
an ovum during 
(AI 2012) 


part labelled 


How is the entry of onl 
not many ensured into 
fertilisation in humans? 

Identify the figure below and the 


“A. 





(AI 2012) 


ak eoig , -Pap x v 
agate 


97s 


98. 


9/ 


Mention the function of trophoblast in 


human embryo. (Delhi 2011) 
Name the embryonic stage that gets 
a in the uterine wall of human 
emale 

ale. (AI 2011) 


SAIN (2 marks) 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 





Where does fertilisation occur in humans? 
Explain the events that occur during this 
process. (2/5, AI 2014) 


List the different parts of the human oviduct 
through which the ovum travels till it meets 
the sperm for-fertilisation. (Delhi 2014C) 


Draw a diagram of the structure of a human 
ovum surrounded by corona radiata. Label 
the following parts : 

(i) Ovum 

(ii). Plasma membrane 

(iii) Zona pellucida (Delhi 2013) 
Name the stage of the human embryo that 
gets implanted in the uterus and draw its 
labelled diagram. (AI 2013C) 


Mention the number of cells in the following 
stages. 


. | Embryonic stage 









No. of cells 





@ 
PGi) | Morula | 

(Delhi 2011) 
Name the embryonic stage that gets 


implanted in human female. Explain the 
events that occur during this process. 

(AI 2011C) 
(a) Name the human embryonic stage 
shown below. Identify ‘A’ and ‘B’ in it. 





(b) Mention the part of the above 
embryonic stage that forms the foetus. 
(AI 2010C) 


a formed in humans‘ Explain 


lopment from zygote. 
(2/5, Delhi 2009) 


Where is morul 
the process of its deve 





SA 


SATII. (marks) 


107., Miell explain the events ol fertilisation and 


Haplantation dn an adult human female 
(4/5, Delhi 2016) 
LON, Name the stage of human embryo at which 
i pets implanted, Explain the process ol 
Haplantation, (Delhi 2015) 
t09, Draw the following diagrams related to 
human reproduction and label them, 
(a) ‘The zypote alter the first cleavage division, 
(b) Morula stage 
(©) Blastocyst stage (sectional view) 
(Delhi 2013) 
110. List and explain the events that follow 
the journey of human zygote until its 
implantation, (Delhi 2013C) 
ULL Study the figure piven below and answer the 
questions that follow : 


Inner cell mass 





A 


(a) Name the stage of human embryo the 
figure represents. 


(b) Identify ‘A’ imthe figure and mention its 
functions. 


(c) Mention the fate of the inner cell mass 
after implantation in uterus. 

(d) Where are the stem cells located in this 
embryo? (Delhi 2009) 


(5 marks) 


112. Mention the site of fertilisation of a human 
ovum. List the events that follow in sequence 
until the implantation of the blastocyst. 


(Delhi 2015C, Foreign 2015) 
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(a) One of the sperms ts observed , 
penetrate A of the ov um, as shown ir) hy 
above diagram. Name‘ 

(b) How is the sperm able to do so? 


(c) Where exactly in the Fallopian tube 
does this occur? 


(d) Explain the events thereafter Upte 

morula stage. (AT 20) 30 
114. (a) E xplain the process of te rtilisation of an 

ovum in humans. Trace the events that OEY 

after fertilisation upto the implantation of 

blastocyst. 

(b) Draw a labelled diagram of a human 
115. (a) Mention the event that induces th, 


116. 


completion of the meiotic division of th, 
secondary oocyte. 


(b) Trace the journey of the ovum fron 


the ovary, its fertilisation and furthe 
development until the implantation of th 
embryo. (AI 2010 


Study the flow chart given below. Name t 
hormones involved at each stage and expl 
their functions. 


Hypothalamus 
Pituitary 
Ovary 
L 
Pregnancy 
(AI 2 
3.6 Pregnancy and = Embryc 


Development 


CSN (2 marks) 


117. Comment on the role of placenta : 
endocrine gland. (2/5, Delhi 2016, Al 

118. When and where do chorionic villi app 
humans? State their function. (Delhi 

119. Explain the function of umbilical cord 
(1/3, Al 

120. Explain the fate of inner cell mass ina! 
embryo immediately after implantatic 


Human Reproduction 


KINIH (3 marks) 


121. (a) How is placenta forme 


d in the 
female? 1e human 


(b) Name any two hormones which are 


secreted by it and are also Present in a 
pregnant woman. (Forei 4 ikd 
gn 201: 


SLA (5 marks) 


122. (a) Arrange the following hormones 
sequence of their secre i 
woman. 


| in 
tion in a pregnant 


(b) Mention their source and the function 
they perform : 


hCG; LH; FSH; Relaxin (Delhi 2017) 


123. (a) When and how does placenta develop 
in human female? 


(b) How is the placenta connected to the 
embryo? 

(c) Placenta acts as an endocrine gland. 
Explain. (Delhi 2015, Al 2009) 


3.7 Parturition and Lactation 


(1 mark) 


124. Write the function of oxytocin. 
(1/3, Delhi 2012) 


l. The cells that nourish the germ cells in 
the testes are called Sertoli cells. Sertoli cells 
are located in the germinal epithelium of the 
seminiferous tubules. 
2. Seminal vesicle produces an alkaline 
secretion that helps to neutralise the acidic 


environment of the male urethra as well as that of 





female reproductive tract. 

3. Refer to answer 1. 

4. The human testes are located outside the 
abdominal cavity within a pouch called scrotum. 


in maintaining the low 


The scrotum helps 
>. 2.5°C) lower than the 


temperature of the testes ( 
normal internal body temperature, necessary for 


spermatogenesis. 


re ar aA A 
5. Refer to answer 4. S ARRS SAND pasi Pa 
Acari 


i 
r 


i 
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9E Wh. 
125. What stimulates pituitary to release the 


hormone responsible for parturition? Name 
the hormone. (Al 2011) 


ISAT (2 marks) 


26. , : 
126. (a) Where do the signals for parturition 
originate from in humans? 


(b) Why is it important to feed the newborn 
babies on colostrum? (AI 2012) 


127. Why is parturition called a neuroendocrine 
mechanism? (AI 2011C) 
128. What is colostrum? Why is it important to be 
given to the newborn infants? (Foreign 2009) 


NSAI (3 marks) 


129. Medically it is advised to all young mothers 
that breast feeding is the best for their 
newborn babies. Do you agree? Give reasons 
in support of your answer. (2018) 

130..\Why is breast feeding recommended during 
the initial period of an infant's growth? Give 





reason. (Delhi 2016) 
131. Describe the process of parturition in 
humans. (Delhi 2015) 





6. Refer to answer 1. Leydig’s cells, present 
between the seminiferous tubules, synthesise and 
secrete testicular hormones called androgens. 








7. Sectional view of human seminiferous 
tubule is as follows: 

Spermatozoa 

Spermatid 


Secondary spermatocyte 


Primary spermatocyte 


Sertoli cell 


8. Sertoli cells are present in between the 
germinal epithelial cells of the seminiferous 
tubules. They provide nourishment to the 


60 


developing 

chine g spermatozoa and also secrete androgen 
3 R protein that concentrates testosterone In 
the seminiferous tubules 

9. Refer to answer 4 

10. s ce 

= ae cells or interstitial cells are small 
K bal of cells present between the seminiterous 
tubules in the connective tissue. Leydig cells, 
porera between the seminiferous tubules, 
synthesise and secrete testicular hormones called 
androgens.. 

11. Refer to answer 7. 

12. Refer to answer 7. 

13. (a) X is testis. It is located outside the 
abdominal cavity within a pouch called scortum. 
(b) Y is seminal vesicle. It produces an alkaline 
secretion which forms 60% of the volume of the 


semen. 
(c) Zis epididymis. It stores the sperms and also 


secretes a fluid which nourishes the sperms. 
14. Sectional view of human seminiferous tu 


is as follows: 







Leydig'’s cells 


Spermatogonia 





Sertoli cells 


Functions: 

(i) Sertoli cells : Refe 
(ii) Spermatogonia, : During spermatogenesis, 
spermatogonia grow into primary spermatocytes 
which undergo > meiosis, producing haploid 
cells, first secondary spermatocytes and then 
spermatids. The spermatids then convert into 
spermatozoa (sperms). 
(iii) Leydig’s cell: Leydig’s cells, present between 
the seminiferous tubules, synthesise and secrete 
testicular hormones called androgens. 


15. Leydig’ cells and Sertoli cells are located in 


testis. 
Differences between Leydigs cells and Sertoli cells 


are as follows : 
Leydig’s cells 
nterstitial cells) 


rtoanswer l. 

















Sertoli cells 
(Sustentacular cells) 





in 











(i) [They are present They are present 
in between the|between the germinal 
cells of the 






semini-ferous 


DOUN heron a a 





Gi SEEE CRESS SSIS IN™ 


bules 
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fanart! inl They are funa hgj 


(amall grou’ andi arejand are el 


rodent in shape 


| Í 
i onp WET 
| 

cH Ihey secrete 


| 
(ii) | they are 


they provide tt igh | 
lanent to the developin 
spermatozoa (sperma: 
ithe alsa aecrete Aftp 
Androgen Hinh 

janin. that e, 


[centrates festorteron, 
the seminiferi 


androgens Lew. 
testosterone) 


Ain 
tubules It also ace retes 


another protein inhibi 
pwhich suppresses FSH 
| O- [synthesis wall 
16. i Dingrammatic view of human maf 
reproduc tive system 1 follows 


P) aculatist y 
nrt Urinary 


! bladder 


= Liretet 


- Vo $ +r ferent 


-eminal 


vesh ke 
P a h 
- rurstate 








. Hulbourethral 
gland 


=- Penile urethra 
—— f pididymis 
— Testis 

—— (jubernaculum 


Glans penis 
Perepuce (foreskin) 





External urethral orifice 
(Urinogenital aperture) 
Differences between vasa efferentia and 


are as follows: 


(b) (i) 


vasa deferentia 
r : 
| l Vasa efferentia Vasa deferentia 
0 ‘They arise from the They arise from the 
rete testis. cauda epididymes. 


(ii) They vary from 15 They are only 2 ip 


‘to 20 in number. number. 

(iii) Vasa eflerentia are|Vasa deferentia 4° 
fine. thick. 

Praa- ~*~ ke a ere Toe meane r 
(iv) (Their lining bears Their lining has man 
| ‘many ciliated cells. stereocilia. | 
(v) It carries [t carries spermatoz 

from cauda 


‘spermatozoa from 
the rete testis to the epididymis to the 


| 
| _ epididymis. __ lejaculatory duct. 


| 
i 
| 
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(ii) Differences between spermatogenesis and 
spermio 


genesis are as follows: 
g Gpermatogencsis 


Spermiogencsis 


7) Tit is the process of It is the process of 


(i) | , , 
formation of haploid {differentiation of 
spermatozoa from spermatozoon from 
germinal cells, a spermatid, 

(ii) It involves conversion [It changes a haploid 


of a diploid structure — {structure into 
into haploid structures. another haploid 
aI structure, 
(iii) There is growth and |‘Ihere is 
divisions during reconstruction 
spermatogenesis. during 
spermiogenesis. 
Divisions and 
_jgrowth are absent. 
Golgi bodies 
are lost during 
spermiogenesis. 
Here a spermatid 
forms a single 
spermatozoon. 


(iv) |No organelle is lost. 


(v) |A spermatogonium 
forms four 
spermatozoa. 





It consists of only 
differentiation 
phase. 





(vi) [It consists of 
multiplication phase, 
spermatocytogenesis, 
maturation phase and 
differentiation phase. 


17. (a) (i) Refer to answer 15. 



















(ii) Refer to answer 15. 

(iii) Primary spermatocytes are located in the 
seminiferous tubules. During, spermatogenesis, 
primary spermatocytes undergo meiosis to form 
haploid cells called. secondary spermatocytes. 
Secondary spermatocytes then again undergo 
meiosis to form spermatids. Spermatids then 
convert into spermatozoa. 

(b) There are three accessory glands present 
in male reproductive system: seminal vesicles, 
prostate gland and bulbourethral glands. 

Seminal vesicles produce an alkaline secretion 
which forms 60% of the volume of semen. Alkaline 
nature of this fluid helps to neutralise the acidic 
environment of the male urethra as well as that of 
female reproductive tract which otherwise would 
inactivate and kill sperms. The secretion of prostate 


gland nourish and activates the spermatozoa to 


swim. 
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18. Vimbriae help in the collection of ovum, after 


ovulation, 
19, Labelled diagram of human female 
reproductive system is as follows: 
Cavity of uterus 
fundus 
road Ampulla 


| Ligament of uterus 
ligament of ovary Isthmus 


te r pew T TA te 


>A A 
“ A 








` ~ 












“ll 





Perimetrium—- 


Myometriun 
Ovary bndometrium 


ay j A Uterus Fimbriae 


Infundi- 
bulum 


Cervix 
of uterus 
~ Cervical canal 
— Vagina 


Vaginal opening 


20. Myometrium is middle thick layer of smooth 
mustles fibrès that brings about contraction of 
the uterus during the delivery of the baby. The 
endometrium is the inner glandular layer that 
undergoes cyclical changes during the menstrual 
cycle. 

21. The wall of the uterus is composed of three 
layers of tissues. The perimetrium is an outer thin 
covering of peritoneum. The myometrium is a 
middle thick layer of smooth muscle fibres which 
shows strong contraction during detivery of the 
baby. The endometrium is inner glandular layer 
that lines the uterine cavity. The endometrium 
undergoes cyclical changes during menstrual cycle. 
22. The edges of the infundibulum possess 
finger-like projections called fimbriae, which help 
in collection of the ovum after ovulation. 

23. (a) Primary oocytes will be present in ovary 
(X) of a newborn baby. 


(b) Y is fimbriae. Also refer to answer 22. 

(c) Zis the ampullary-isthmic junction. It is the 
site of fertilisation in humans. 

24. The inner glandular wall of the uterus 1s 
known as endometrium. 

Role - During the menstrual cycle, the endometrium 
wall grows into a thick, vascular (blood vessel- 


rich) glandular layer. This conditicn of the 


endometrium favours the implantation of 
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the foetus. If fertilisation does not occur, the 
endometrium is shed during the hemorrhagic 
phase of the menstrual cycle. 

The middle wall of the uterus is known as 
myometrium. Ea 
Role - It consists of smooth muscles. It exhibits 
contraction during delivery of the baby. 


25. Diagrammatic sectional view of female 
reproductive system is as follows: 


Ampullary-isthmic 
Cavity of uterus 


(iv) junction (iii) 
iv 






Ovary (i) Fimbriae 


(ii) 


26. Refer to answer 19. 


27. Oogenesis begins 


development Stage while sp 
during puberty. 


during 


28. The process of formation of sperms is called 
spermatogenesis while release of sperms from the 
seminiferous tubules is called spermiation. 


29. Acrosome contains 


spermlysins that are Used to co 
the ovum at the time of fertilis 
30. Acrosome. is 

human sperm. Also 


enzymes called 


ntact and penetrate 
ation, 


present in the head of the 
refer to answer 29, 
31. The Primary oocyte 
completes its first meiotic 
tertiary follicle, 


BOWS in size and 
division Within the 


32. Refer to answer 27 


33. During spermatogenesis, gonadotropin 


releasing hormone (GnRH) jg secreted by the 
hypothalamus, Stimulates the 


anterior 
inising hormone 
“Umulating hormone (FSH). LH 
ydig’s cells of the testes to Secrete 


testosterone while FSH acts on Sertoli cells of 
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the seminiferous tubules of the testes to SeCrEt 
androgen binding protein (ABP)and inhibin. ABp 
concentrates testosterone and inhibin SUPPresse. 
FSH synthesis. FSH also acts on spermatogonia to 


stimulate sperm production. 


34. Labelled parts of head region of hum 


an 
Sperm is as follows: 










Acrosome 


Plasma 
membrane 


Nucleus 


35. Refer to answer 33. 


36. Detailed structure of human sperm with 
labelled cellular components is as follows: 


Plasma membrane 


Nucleus containing 
chromosomal material 


Proximal centriole 


Distal centriole 
Axial 


filament Mitochondria 


Ring centriole 


37. When the secondary follicle transforms into 
tertiary follicle the pr 


imary oocyte within the 
tertiary follicle 8TOWS in size and completes its 
first meiotic division. It is an unequal division 
resulting in the formation of a large haploid 
a tiny first polar body. 


m ofa human spe 


secondary oocyte and 


38. Labelled diagra 


rm is as 
follows: 
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Zs 
i 
\ *—Acrosome 


/ f 











membrane 
Nucleus 








FF i Post 
f in) acrosomal 
3 H sheath 


KP) |) 
By) Proximal 
centriole 


CCI Distal End piece 
| rane 
! Mitochon- 
Migce -e drial spiral / 
eS. eae 
, à filament 
Ring = 
centriole nie brile) 
(annulus) i 
Tail 
Fibrous 
sheath 
D 


—— 


39, (a) The middle piece in human sperm 
possesses numerous mitochondria, which 
produce energy for the movement of tail that 
facilitate sperm motility essential for fertilisation, 
(b) Refer to answer 33. 


40. A - Leydig’s cells, B — Sertoli cells, 
C-Spermatogenesis, D — Spermiogenesis 

41. In the given diagram of seminiferous tubule 
a-Spermatogonium, b-Primary spermatocyte, 
c-Spermatid, d-Secondary spermatocyte, 
e-Spermatozoa, f-Sertoli cell 

42. Refer to answer 38 for figure. 

Three important parts of mature human sperm 
and its functions are as follows : 

(i) Acrosome : It is formed from Golgi body 
and contains enzymes called sperm lysins that are 
used to contact and penetrate the egg at the time 


fertilisation. 
(ii) Nucleus: It contains chromosomal material 


which is the carrier of genetic information. 

(iii) Middle piece : It contains mitochondria in 
spiral form that provides energy for the movement 
of the sperm hence also called power house of 


sperm. 
43. Refer to answer 38. 


m of a human sperm with labelled 


44, Diagra 
h and gain entry 


parts that assist in sperm to reac 


into female gametes 


is as follows: 
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-\ 


hi ~Acrosome 






/ 
Tail — 


Functions: 

Acrosome > It contains enzymes called 
spermlysins that are used to contact and penetrate 
the egg at the time of fertilisation. 

Mitochondrial spiral - It provides energy for the 
movement of the sperm. 

Tail - It help the sperm to reach to the egg. 

45. Refer to answer 33. 

46. The diagram of a human sperm with labelled 
parts—acrosome, nucleus and middle piece is as 


N 
A 
"\ p Acrosome (a) 


follows: 


Nucleus (b) 


Middle 
piece (c) 


SS om pr ` 
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Functions: 

(a) Acrosome : Refer to answer 44. 

(b) Nucleus : It contains chromatin material 
which will be responsible for the genetic make-up 
of the future zygote. 

(c) Middle piece : It contains mitochondria that 
provide energy for the movement of the sperm. 


47. Sectional view of human seminiferous tubule 
is as follows: 






Spermatozoa 


Primary 
spermatocyte 


48. The process of formation of a mature female 
gamete (ovum) is called oogenesis. It occurs inthe 
ovaries. It consists of three phases : multiplication, 
growth and maturation. 
(i) Multiplication phase In, the 
development, certain cells inthe germinal 
epithelium of the ovary of the foetus are larger than 
others. These cells divide by mitosis, producing a 
couple of million egg mother cells or oogonia in 
each ovary of the foetus» The oogonia multiply by 
mitotic divisions forming the primary oocytes. 
(ii) Growth phase : This phase of the primary 
oocyte is very long. The oogonium grows into 
a large primary oocyte by taking food from the 
surrounding follicle cells. 
(iii) Maturation phase : Each primary oocyte 
undergoes two maturation divisions, first meiotic 
and the second meiotic. 
In the first, meiotic division, the primary oocyte 
divides into two very unequal haploid daughter 
cells - a large secondary oocyteanda very small first 
polar body or polocyte. In the second maturation 
division, the first polar body may divide to form 
ides second polar bodies. The secondary oocyte 
apee divides into unequal daughter cells, a lar 
ootid and a very small second MGG 
) , polar body. T 
ootid grows into a functi yY. Ine 
f unctional haploid ovum. Thy 
rom one oogonium, one ovum an | > 


foetal 


d three polar 


Eae 
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bodies are formed. The polar bodies take no pap, 
in reproduction and, hence, soo” degenerate. In 
humans, ovum is released from the ovary in the 
secondary oocyte stage, this process 1s Calleq 
ovulation. 

49. Refer to answer 38. 


50. Spermatogenesis 
formation of haploid 
spermatogonia inside th wages 

includes following three pnasee - | | 
(i) Multiplication phase - At sexual maturity, 


‘ated rimordial germ cells divide 
the undifferentiated pP o prace i lare, 


imes by mitosis 
estore of spermatogonia or sperm Si Cells. 
Spermatogonia (2N) are of two i : type A 
spermatogonia and type B sperma agonia Type 
A spermatogonia serve as the stem cells which 
divide to form second type of spermatogonia 
whenever required. Type B spermatogonia are 
Pcells which function as precursors of 


is the process of 


spermatozoa from diploj d 
e testes of the male. } 


progenito 
spermatozoa, 

(ii) Growth p 
actively grows to a larger | 
by obtaining nourishment f-om the nursing cells, 


(iii) Maturation phase - Each primary 

spermatocyte undergoes two successive divisions, 

called maturation divisions. The first maturation 

division is reductional or meiotic. Hence, the 
primary spermatocyte divides into two haploid 
daughter cells called secondary spermatocytes. 
Both secondary spermatocytes now undergo 
second maturation division which is an ordinary 
mitotic division to form four haploid spermatids, 
by each primary spermatocyte. 


hase - Each type B spermatogonium 
primary spermatocyte 


Multiplication Spermatogonium RY) Mitosis 
phase (2N) ~ AD 
pe | Primary T Additional 
spermatocyte RA) spermatogonia 
(2N) k 
Secondary y 


\ Meiosis ee 
srmatlds J Meiosis ll 
spt S QO D gd tp 
l 


Maturation 
phase 


g 
o Spermatozoa y | 
2 (sperms) 
LON J J 
V) 
51. Di 
Diagrammatic sectional view of huma! 


ovary showing the devel ‘sees 
ovulation is as follows- elopment of follicles an 
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Tertiary follicle 


showing antrum 


Primary follicle 


ks wl ve eae ls 







Graal an folli le 


$, vum 


Corpus luteum 


52. In males, luteinising hormone (LH) secreted 
by anterior lobe of pituitary gland acts on the 
Leydig’s cells of the testes to secrete testosterone. 
Testosterone brings about the growth of the 
secondary sex organs and development of 
secondary sexual characters. 

In females, luteinising hormone induces the 
rupture of the mature graafian follicle and thereby 
the release of secondary oocyte (ovulation). 


53. Sectional view of human ovary with labelled 


parts is as follows : 
Primary follicle (i) 





Corpus luteum (iv) 


54. Refer toanswer 48. 

The hormones involved in this process are 
luteinising hormone (LH) and follicle stimulating 
hormone (FSH), both secreted by anterior 
pituitary gland under the influence of GnRH 
from hypothalamus. FSH stimulates the growth of 
Graafian follicle and also the development of egg 
) within the follicle. LH induces 


(secondary oocyte 
an follicle and thereby 


the rupture of mature Graah 
the release of secondary oocyte (ovulation). 


ans, follicle stimulating hormone 
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Also preferi cn Eh iw ede 
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56. (a) In spermatogenesis, the growth phase 
is very short. The spermatogonium actively Brows 
into.adarger primary spermatocyte by obtaining 
nourishment from the nursing cells. 
In oogenesis, the growth phase is very long. It may 
extend over many years. The oogonium grows into 
a large primary oocyte. It then gets surrounded by 
a layer of granulosa cells to form primary follicle. 
A large number of these follicles degenerate during 
the period from birth to puberty. So, at puberty 
only 60,000 - 80,000 primary follicles are left in 
each ovary. 
(b) Refer to answer 51. 
57. Refer to answer 50. 

(a) Refer to answer 51. 
(b) GnRH secreted by the hypothalamus 
stimulates the anterior lobe of pituitary gland to 
secrete LH and FSH. FSH stimulates the growth 
of Graafian follicles and also the development 
of egg/oocyte within the follicle to complete the 
meiosis I to form secondary oocyte. FSH also 
stimulates the formation of estrogens. LH induces 
the rupture of the mature Graafian follicle and 
thereby the release of secondary oocyte. Thus 
LH causes ovulation. The remaining part of the 
Graafian follicle is stimulated by LH to develop 
into corpus luteum which secretes progesterone, 
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, - , iDi ye release 
Ihe rising level of progesterone inhibits ti “lien of 
i H » ($ 
of GnRH, which in turn, inhibits prodi 
FSH, LH and progesterone. 
‘ po & 
59. (a) Refer to answer 50. 4s. ani 
` ‘ T a S ` t 

(b) Differences between spermatogenc 
oogenesis are as follows: č  ž  ž = 
T “Gc cantawencels. Oogenesis 
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An oogonium forms 





Spermatogenesis — 


A spermatogonium 















only one ovum. 





forms four 


_———. a 
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No polar body is 


formed. ai - 
60. (a) The schematic representation of events 


spermatozoa. 
Polar bodies are formed. 
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of oogenesis is as follows: 
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(b) Refer to answer 59 (b). 


61. Oogenesisstartsin embryonic developmental 
stage. The three hormones related with oogenesis 
are GnRH (Gonadotropin releasing hormone), 
luteinising hormone (LH) and follicle stimulating 
hormone (FSH). Also refer to answer 54. 


62. Refer to answer 38. 

Sperm is a microscopic structure consisting of 
four parts: head, neck, middle Piece and tail. A 
plasma membrane envelops the whole body of 
sperm. Head consists of large posterior haploid 
nucleus and a small anterior cap-like acrosome. 
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Acrosome contams proteolytic and Trang 
enzymes popularly called sperm ly PANS RE to 
penetrate the egg at the time ot nearer i is 
is present between the head and mit ‘ 4 lece, 
It contains the proximal centriole ne oe 
nucleus which plays a role in the first ‘ pees 
the zygote and the distal centriole ere | hes 
to the axial filament of the sperm. Midd C aa 
long cylindrical part of sperm seh eet reteen 
the neck and tail. Axoneme or axia Sonni ol 
microtubules runs through it. The a eee 
by a mitochondrial spiral (nebenkern : l E 
turns. Mitochondrial activity helps in providin, 
energy. The distal end bears a nng a ° 
annulus of uncertain role. Tail is Ver) ong gots 
and tapering, and is formed of cytoplasm. Tail į 
vibratile part/of sperm. 

63. (a) (Referto answer 48. | | 

(b) The labelled diagram of a human ovu 


released after ovulation is as follows: 
Corona radiata 
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64. (a) Refer to answer 60 (a). 
(b) The process of formation of mature gan 
in a human female is called oogenesis. 


differences between spermatogenesis and ooger 
are as follows - 


Oogenesis 
It occurs in the Ovaries. 


ange to Primary oocytes. 


ary oocyte divides to form 


mi one secon 
oocyte and one polar body. 








— 


Human Reproduction 


Sperm are minute, yolkless and motile. 


(viii) [It is generally completed in the testes and thus 
mature sperms are released from the testes. 


Ova are much larger often with yolk and nonmotile. 


It is often completed in the female reproductive 
tract or in many animal in water because oocytes 





65. (a) Refer to answer 50. 

(b) Refer to answer 38. 

66. (a) Refer to answers 38 and 44. 

(b) The sperm head becomes embedded in the 
Sertoli cells and are finally released from the 
seminiferous tubules by the process called 
spermiation. Sertoli cells provide nutrients to 
developing and mature sperms. 

67. Hypothalamus 


| GnRH 
Pituitary 
| LH and FSH 


Testes 


Testosterone 
Sperms 


(i) GnRH: Acton pituitary gland and stimulates 
secretion of LH and FSH. 

(ii) LH: Luteinising hormone acts at the Leydigs 
cells and stimulates synthesis and secretion of 
androgens. 

(iii) FSH : FSH acts on the Sertoli cells and 
stimulates secretion of some factors which help in 
the process of spermatogenesis. 

(iv) Androgen (Testosterone) stimulates the 
process of spermatogenesis. 


68. Refer to answer 48. 
Oogenesis gets completed 
during fertilisation events. 


in Fallopian tube 


69. Graafian follicle changes into an endocrine 
structure, called corpus luteum during luteal 
phase of menstrual cycle. Corpus luteum secretes 
progesterone which stimulates the uterine glands 
to produce increased amount of watery mucus 
and is also essential for maintenance of the 
endothelium. 

70. A woman generally cannot conceive a child 
after 50 years of age as at this age menopause 
occurs. It is a phase in a woman's life when 
ovulation and menstruation stops. 


are released from the ovaries. 


71. High concentration of LH cause rupturing of 
Graafian follicle and thereby the release of ovum. 
This is called ovulation. 


72. The major structural changes in human 
ovary during the follicular and luteal phase of 
menstrual cycle are as follows : 


Follicular phase 


During this stage, in the 
presence of FSH, 6-12 
ovarian follicles begin 
to enlarge in the ovary 
through proliferation of 
their granulosa cells and 
addition of thecal cells 
covering it from outside. 



















During this 
stage, under the 
influence of LH 
the ruptured 
Graafian follicle 
(now called 

as corpus 

luteum) secretes 
progesterone and 
small quantity of 
estrogen. 






















































The growing ovarian 
follicles in the ovary 
gradually secrete 
increasing amount of 
estrogen. This in turn 
leads to sudden surge 
of LH secretion by the 
pituitary which causes 
ovulation of mature 
ovum from the ovary. 


The corpus 
luteum during 
the luteal 
phase secretes 
progesterone 
which prepares 
the uterus 

for a possible 
pregnancy. 




















73. Beginning of menstruation or first 
menstruation is called menarche that occurs at 
puberty. When menstrual cycle ceases around the 


age of 50 years, it is called as menopause. 


74. Corpus luteum is formed during the luteal 
phase of the menstrual cycle. It regresses in the 
absence of fertilisation. 


75. The muscular layer of human uterus is 
myometrium and glandular layer is endometrium. 
The endometrium undergoes cyclical changes 
during menstrual cycle. Progesterone 1s essential 
for the maintenance of endometrium. 





76. (a) On the 14® day of the menstrual cycle. 
surge in LH causes rupturing of Graafian follicle 
and release of ovum (ovulation). 

(b) After ovulation, the remaining cells of the 
ovarian follicles are stimulated by LH to develop 
corpus luteum. 


77. LH and FSH secreted by pituitary gland are 
called gonadotropins. 
Ihe secretion of FSH and LH increase gradually 
during the follicular phase and stimulates the 
development of follicles as well as secretion 
of estrogens by the growing follicles. Both 
gonadotropins reach a peak level in the middle of 
the cycle (14th day). LH surge induces rupture of 
Graafian follicle and thereby the release of ovum 
(ovulation). This ovulatory phase is followed 
by luteal phase during which LH stimulates 
the remaining cells of the Graafian follicle to 
transform into corpus luteum which secretes large 
amounts of progesterone needed for maintenance 
ofendometrium. In the absence of fertilisation, LH 
production gets reduced leading to degeneration 
of corpus luteum. This causes disintegration of 
endometrium leading to menstruation. 
78. (a) During 13-15 days, FSH stimulates th 
ovarian follicle to secrete estrogens that further 
stimulate the proliferation of the e 
of the uterine wall. On 14" day, 
ovulation. 


Im the absence of 
generates causing 


fertilisation, 

disintegratio rium leading to 
menstruati days. 

(c) Durin 's (luteal phase of 15 to 28 
days), the lut ormone (LH) is secreted by 


the anterior lobe of the pituitary gland. LH causes 
ovulation. The remaining cell of the ovarian 
follicles are stimulated by the LH to develop 
corpus luteum. The corpus luteum secretes large 
amount of progesterone. Progesterone stimulates 
the uterine glands to produce increased amount of 
watery mucus. During the secretory phase, there 
is also similar increase in the secretion of watery 
mucus by the vaginal glands and by the glands of 
the Fallopian tubes. Progesterone Is also essential 
for maintenance of the endometrium which is 
necessary for implantation of the fertilised ovum 
and other events of pregnancy. In the absence of 
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pus luteum degenerates. Thi 
of the endometrium leading 


king a new cycle 

From 8-12 days (follicular phase), the 
otropins (LH and FSH) UCPease 
follicular development a 
well as secretion of estrogens by growing follicles 
(b) From 13 to 15 days, the endometrium 


becomes thicker by rapid cell multiplication and 
there is increase in uterine glands and blood 


fertilisation, the c 
causes disintegration 
to menstrusnon mar 


79. (a) 


level of gonad 
gradually and stimulate 


vessels. 
(c) Refer to answer 
80. Menstrual cycle 
hormones, some of v 
pituitary gland. The 
releasing factors 


78 (b) 




















lated by certain 


band 
a 


FSH stimulates maturation of 
ulate it to secrete estrogens. Rapid 
(LH surge) induces rupturing 
e. thereby leading to release of 


o wulation) 

Ovary secretes two horm 
rogesterone. Estrogen stimulates follicular 
evelopmentand proliferation ofthe endometrium 

f the uterine wall. Progesterone produced by 
corpus luteum helps to maintain endometrium 
which is required for implantation of the fertilised 
ovum and other events of pregnancy. 

81. In the absence of fertilisation, the corpus 
luteum degenerates. Degeneration of the corpus 
luteum leads to decrease in the production of 
progesterone. As progesterone is needed for the 
maintenance of the endometrium, its reduction 
leads to disintegration of endometrium thus 
causing menstruation. 

82. (a) During follicular phase, ovarian follicle 
secretes estrogens under the influence of FSH 
secreted by anterior pituitary. Estrogens stimulate 
the proliferation of the endometrium of the 
uterine wall. 

(b) During luteal phase, the remaining cells of 
the ovarian follicles after ovulation are stimulated 
by LH to develop corpus luteum. The corpus 
luteum secretes progesterone that stimulates the 
uterine glands to produce increased amount of 
mucus and is also essential for the maintenance 
of the endometrium which is necessary for 
implantation of the fertilised ovum. 


ones : estrogen and 


Human Rey WOTUCTION 


RI, Ihe gr aphic al re presentation of chi Inges in 
level of pum ary hormone dur ing menstrual cycle 


k 
p> in 
hs f pui , i n E 
p f ; ii es a <7 ere FS ee i 
w à jD i! i? j i? py T D RnD ra 
hiensirüsihs Puli wher phase lorteal phase Nesi owe he 
( Proliferative phase) (Secretory phase) begins 
g4. (a) In human females, menstruation js 


repeated at an average interval of about 28/29 
days, and the cycle of events starting from one 
menstruation till the next one is called the 
menstrual cycle. 
Menstrual cycle in a human female consists of 
menstrual phase, proliferative phase (follicular 
phase), ovulatory phase and secretory phase 
(luteal phase). 
(i) The cycle starts with the menstrual phase, 
when menstrual flow occurs and it lasts for 3-5 
days. The menstrual flow results due to breakdown 
of endometrial lining of the uterus and its blood 
vessels which forms liquid that comes out through 
vagina. Menstruation only occurs if the released 
ovum is not fertilised. 
(ii) The menstrual phase. is followed by 
proliferative phase (Days 5-14). Proliferative 
phase consists of growth of endometrium of 
uterus, Fallopian tube and» vagina. In ovary, a 
Graafian follicle grows, matures and secretes 
estrogen during this phase. The endometrium 
grows thicker and becomes more vascularised 
and glandular. Change in the levels of pituitary 
and ovarian hormones bring about these changes 
in the ovary and uterus. The levels of LH and FSH 
increase gradually during this phase and stimulates 
follicular development as well as secretion of 
estrogens by the growing follicles. 
(iii) In ovulatory phase, both LH and FSH attain a 
peak level in the middle of cycle (about 14° day). 
Rapid secretion of LH leading to its maximum 
level during the mid-cycle called LH surge induces 
rupture of Graafian follicle and thereby the release 
of ovum (ovulation). 
(iv) After ovulation and in response to luteinising 
hormone, the portion of the Graafian follicle that 
remains in the ovary Sel. fia es A transformed 
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(called lutein) and the luteal phase begins 
Ihe corpus luteum secretes large amounts ol 
progesterone which is essential for maintenance of 
endometrium. Such an endometrium is Necessary 
for implantation of the fertilised ovum and other 
events of pregnancy. In the absence of fertilisation, 
the corpus luteum degenerates. This causes 
disintegration of the endometrium leading to 
menstruation, marking a new cycle. 
(b) Scientific understanding of menstrual cycle of 
human females can help as contraceptive measure 
because menstrual cycle consists of four phases, the 
third phase known as ovulatory phase which occurs 
at about the 14" day“of the menstruation. Hence, 
avoiding or abstaining from coitus from days 10 to 
17 of the cycle reduees the chances of fertilisation 
as ovum stirvives for about 1-2 days and sperms 
survive for about 3 days. So, temporary avoidance 
ofsex during this phase will help as natural method 
of birth control. 

(a(i) Menstrual phase : Occurs on days 
1-5 of the cycle. During this phase, menstruation 
occurs. At the beginning of this stage, level of 
progesterone drop dramatically because of the 
degeneration of the last cycles corpus luteum. 
Production of estrogen also reduces during this 
phase. This triggers the shedding of endometrium. 
The detached portion of the endometrium as 
well as blood passes through the vagina as the 
menstrual flow. 
(ii) Follicular or proliferative phase: Proliferative 
phase includes days 6-13 of the cycle. Proliferative 
phase consists of growth of endometrium 
of uterus. Increased secretion of FSH causes 
Graafian follicles to grow, mature and secrete 
estrogen during this phase. The endometrium 
grows thicker and becomes more vascularised 
and glandular. Change in the levels of pituitary 
and ovarian hormones bring about these changes 
in the ovary and uterus. 
(iii) Luteal phase: This phase includes cycle days 
15-28. After ovulation and in response to luteinising 
hormone, the portion of the Graafian follicle that 
remains in the ovary enlarges and is transformed 
into a corpus luteum. The corpus luteum secretes 
large amounts of progesterone which is essential 
for maintenance of endometrium. Such an 


| endometrium is necessary for implantation of the 
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tertilised ovum and other events of pregnancy. 
In the absence of fertilisation, the corpus luteum 
degenerates. This causes disintegration of the 
endometrium leading to menstruation, marking a 
new cycle. 

(b) Yes, a proper understanding of menstrual 
cycle can help immensely in family planning. 
This method is known as natural method of birth 
control. The menstrual cycle consists of four 
phases, the third phase known as ovulatory phase 
occurs on about 14" day of the menstruation. 
Hence, avoiding or abstaining from coitus from 
days 10 to 17 of the cycle reduces the chances 
of fertilisation as ovum survive for about 1-2 
days and sperms survive for about 3 days. So, 
temporary avoidance of sex during this phase will 
help in family planning. 

86. (a) Ina 28 day menstrual cycle, the menses 
takes place on days 3-5. The production of LH 
from the anterior lobe of the pituitary gland is 
considerably reduced. The withdrawal of this 
hormone causes degeneration of the corpus 
luteum and, therefore, progesterone production 
from the ovary is reduced. Production of estrogens 
from the ovary is also reduced in, this phase. The 
endometrium of the uterus breaks down and 
menstruation begins. The cells of endometrium 
secretions, blood andthe unfertilised ovum 
constitute the menstrual flow. 

(b) During follicular phase, follicle stimulating 
hormone (FSH) stimulates the ovarian follicle 
to secrete estrogens, which in turn stimulate the 
proliferation of the endometrium of the uterine 
wall. As a result, endometrium becomes thicker 
by rapid cell multiplication and is accompanied 
by an increase of uterine gland and blood vessels. 


Hence, this phase is also referred as proliferative 


phase. 
(c) At the time of ovulation, rapid secretion of 


LH induces rupturing of Graafian follicle, thereby 
releasing ovum. After ovulation has taken place, 
LH stimulates cells of ovarian follicle to develop 
corpus luteum. Corpus luteum secretes large 
amount of progesterone. 


(d) ‘The structure of a mature Graafian follicle is 
as follows: 
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J Follicular 
tC antrum 
us 
n ti 

yi \ 

\ \ 
NE 
Ss 
=. E Secondary oocyte 


e in ahuman female cons 


of menstrual phase, proliferative phase (follicı 
phase), ovulatory Phase and secretory pi 
(luteal phase). Days, 1-2 of the a cle a kne 
as the menstrual phase. During this ph 
menstruation occurs. At the beginning of | 
stage, levels of progesterone and estrogen h 
dropped dramatically because of the degenerat 
of the last cycles corpus luteum. This trig; 
the shedding of endometrium. The detac 
portion of the endometrium as well as bl 
will pass through the vagina as the menst 
flow. Days 5-14 are known as the prolifera 
phase. Proliferative phase consists of gro 
of endometrium of uterus, Fallopian tube 
vagina. In ovary, a Graafian follicle grc 
matures and secretes estrogen during this ph 
The endometrium grows thicker and beco 
more vascularised and glandular. Change in 
levels of pituitary and ovarian hormones b 
about these changes in the ovary and uterus. 
levels of LH and FSH increase gradually du 
the follicular phase and stimulate follic 
development as well as secretion of estrogen 
the growing follicles. In ovulatory phase, both 
and FSH attain a peak level in the middle of c 
(about 14” day). Rapid secretion of LH lea 
to its maximum level during the mid-cycle ca 
LH surge induces rupture of Graafian follicle 
thereby the release of ovum (ovulation). 

After ovulation and in response to luteini 
hormone, the portion of the Graafian follicle 
remains in the ovary enlarges and is transfor 
into a corpus luteum containing yellow subst: 
(called lutein) and the luteal phase beg 


87. Menstrual cycl 


Human Reproduction 


The corpus luteum secretes large amounts of 
progesterone which is essential for maintenance of 
endometrium. Such an endometrium is necessary 
for implantation of the fertilised ovum and other 
events of pregnancy. In the absence of fertilisation, 
the corpus luteum degenerates. This causes 
disintegration of the endometrium leading to 
menstruation, marking a new cycle. 


88. Refer to answer 87. 
89. Refer to answer 87. 


90. (a) ‘F illustrates ovulation. It represents 
secondary oocyle. 

(b) Estrogen (ovarian 
(pituitary hormone). 

(c) Endometrium becomes thicker by rapid 
cell multiplication which is accompanied by an 
increase of uterine glands and blood vessels. 

(d) C is developing follicle under the influence 
of FSH. H is regressing corpus luteum under the 
influence of reduction of LH. 

(e) The labelled structure of a human ovum 
prior to fertilisation is as follows: 


Cellofthe Zona Pellucida 
Corona Radiata Perivitelline Space 


hormone) and LH 









ane 2 Plasma 
KF f Ki SX Membrane 
O i -ytoplasm 
$ 4 “E71 Polar Bodies 


aE, D>- Nucleus 


Oe 
0 T} s al WPA 

0 4 6 Gs 
o}fo\ IL INS coni 
({ 4 Fa Cortical 
=~ R 8) Granules 

N lais Dg Sa 
SS TrA ò 
oe 


91. (a) Figure ‘G’ illustrates corpus luteum. 
Rapid secretion of LH (luteinising hormone) 
from pituitary gland induces rupture of Graafian 
follicle and formation of corpus luteum. 

(b) The corpus luteum secretes large amounts of 
progesterone and also estrogen. These hormones 
are essential for maintenance of the endometrium 
of uterus. Endometrium is necessary for 
implantation of fertilised ovum and the other 
events of pregnancy. 

(c) Figure ‘D is tertiary follicle which is 
characterised by a fluid filled cavity called 
antrum. The the organised into an inner 
‘theca interna’, at 
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this stage the primary oocyte within the tertiary 
follicle grows in size and completes its first meiotic 
division. It is an unequal division resulting in the 
formation of large haploid secondary oocyte and a 
tiny first polar body. 

Figure ‘E’ is mature follicle or Graafian follicle. In 
the Graafian follicle, the antrum enlarges further. 
The secondary oocyte forms a new membrane 
called zona pellucida surrounding it. 


(d) The labelled diagram of Graafian follicle is as 
follows: 


Corona radiata 
(made of granulos 
cells) 


Theca externa 
AAN 


> Sa 


> Theca interna 
Wi PR _ Basement 

Pa “ membrane 

~— Membrana 

œ granulosa 

~'\\ (follicular cells) 











a Follicular 
antrum 
(follicular cavity) 


Cumulus 
oophorus 
Zona pellucida 


germinal vesicle 


92. Primary oocytes are formed inside the 
ovary during the embryonic developmental stage. 
Oogenesis is initiated during the embryonic 
development stage when oogonia are formed 
within each fetal ovary. These cells start division and 
enter into prophase-I of the meiotic division and get 
temporarily arrested at that stage, called primary 
oocytes. Each primary oocyte then gets surrounded 
by a layer of granulosa cells and is called the primary 
follicle. The primary follicles get surrounded by 
more layers of granulosa cells and a new theca and 
are called secondary follicles. 

The secondary follicle soon transforms into a 
tertiary follicle which is characterised by fluid 
filled cavity called antrum. The theca layer is 
organised into an inner theca interna and an 
outer theca externa. The primary oocyte within 
the tertiary follicle grows in size and completes 
its first meiotic division. It is an unequal division 
resulting in the formation of a large haploid 
secondary oocyte and a tiny first polar body. The 
tertiary follicle further changes into the mature 
follicle or Graafian follicle. The secondary oocyte 
forms a new membrane called zona pellucida 
surrounding it. The Graafian follicle now ruptures 
to release the secondary oocyte (ovum) from the 
ovary by the process called ovulation. 
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Eftect of 
onz ins : 
konaa gonadotropins : Gonadotropin releasin 
ne (GnRH )is secreted i 
E cere reted by the hypothalamus, 
ulates the release of follicle sti 

hormone (ES $ stimulating 
nae H) and Juteinising hormone (LH) 
S stimulates the ovarian follicles to produce 
ee which stimulate the proliferation of the 

fae: of uterine wall. LH causes ovulation 
and stimulates the corpus luteum of the ovary to 
secrete progesterone. 
93. During fertilisation, a sperm comes in contact 
with the zona pellucida layer of ovum which induces 
changes in the membrane that block the entry of 
additional sperms. So, zona pellucida ensures that 
only one sperm can fertilise an ovum. 
94. The sperm penetrate through the zona 


pellucida by releasing sperm lysins. 
95. Depolarisation of the egg plasma membrane 
by binding of sperm to it checks additional sperms 


from entering into it. 
96. The given figure is of blastocyst and the part 


labelled ‘A’ is trophoblast. 
97. Trophoblast helps to provide nutrition to the 


embryo. 
98. Blastocyst. 


99. The motile sperms swim ra 
the cervix, enter into the uterus and finally reach the 
junction of the isthmus and ampulla (ampullary- 
isthmic junction) of the Fallopian tube. The ovum 
released by the ovary is also transported to the 
ampullary-isthmic junction, where fertilisation 


takes place. During fertilisation, a sperm comes in 
contact with the zona pellucida layer of the ovum 
and induces changes in the membrane that block 
the entry of additional sperms: The secretions of the 
acrosome help the sperm enter into the cytoplasm 

pellucida and the 


hrough the zona 
es the completion 


pidly, pass through 


of the ovum t 
plasma membrane. This induc 
c division of the secondary oocyte. 
Iso unequal and 


of the meioti 
The second meio 
results in the formation 
haploid ovum (gotid). Soon t 
the sperms and that of the ovum 
form a diploid zygote. 

100. Fimbriae, infundibulum, ampulla and 
isthmus are the main parts of oviduct, through 
which ovum travels till it meets the sperm for 
fertilisation. Finally it reach the ampullary- 


isthmic junction of oviduct. 


tic division Is a 
of a second polar body and 
he haploid nucleus of 


fuse together to 


Ds 
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101. j 
N The diagram of human ovum surrounded b 
rona radiata is as follows: : 





102. Blastocyst gets implanted in the uterus. 
Zona 
Pellucida Breaking 





Inner Cell Mass 


Blastocoel 


Trophoblast 


(c) 64 


planted in human female. In 
meres are arranged into an 
last and an inner group 
| mass. The trophoblast 
ndometrium and the 


(b) 16 


103. (a) 1 


104. Blastocyst gets im 
a blastocyst, the blasto 
outer layer called trophob 


of cells called the inner cel 


then gets attached to the € 
inner cell mass gets differentiated as the embryo. 


After attachment the uterine cells divide rapidly 

and cover the blastocyst. As a result, the blastocyst 

becomes embedded in the endometrium of 
the uterus. This whole phenomenon is called 
implantation and it leads to pregnancy. 

st is shown in the figure. ‘A is 
d ‘B’ is trophoblast. 

form the foetus. 


106. Morula is formed inside the oviduct. As the 
isthmus of the oviduct 


zygote moves through 

towards the uterus, mitotic divisions called 
cleavage starts. The d r cells so forme 
are called blastomeres. o 16 
blastomeres is called morula. 


of fertilisation in human fe 


105. (a) Blastocy 
inner cell mass an 
(b) Inner cell mass 


aughte 
The embryo with 8 t 


male 


107. The events 


are: 
the 


- After ovulation, 


(i) Acrosomal reaction : 
secondary oocyte re 
erm releases 
present in the acrosome, 


urface of egg cove 
ase 


le cells 


aches the Fallopian tube. 
hydrolytic enzyme 


capacitated sp 
when ! 


(sperm lysins) 
comes in contact with s 
Important sperm lysins are (i) hyaluronid 
acts on the ground substances of follic 


ring: 
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Human Reproduction 


(i) corona penetrating enzyme that dissol 
corona radiata and (iii) zona lysine or th 
that helps tO digest the zona pellucida, Due 
a acrosomal reaction, plasma memb ar ae 
sperm fuses with that of secondary naa: a 
depolarisation of oocyte membrane aces and 
(ii) Cortical reaction : Immediately after h 
fusion of sperm and egg plasma membranes the 
egg shows a cortical reaction to further check ie 
entry of more sperms. In this reaction, the cortic l 
ules present beneath the ovum'’s plas . 
membrane fuse with the same and deme their 
contents (enzymes) between it and zona pellucida. 
These enzymes harden the zona pellucida which 
now functions as the sure block to So lyepenny 


perm entry : The egg extends around the 
sperm, finger-like processes, called 
which constitute a fertilisation cone 
ake the entire sperm into the egg. The 
e of the sperm divides and forms 
the mitotic spindle for 


(ii) S 
entering 
microvilli, 
The latter t 
distal centriol 
two centrioles to generate 
cell division. 

(iv) Karyogamy : The sperm entry stimulates the 
egg (secondary oocyte) to resume and complete 
the suspended meiosis - II. This producesa haploid 
mature ovum and a second polar body. The head 
of sperm separates from the middle piece and tail 
to become male pronucleus and nucleus of ovum 
is called female pronucleus. The second polar 
body and sperm tail degenerate. Mixing up of the 


chromosomes of a spermatozoon and an ovum is 
ixis. This completes 


called karyogamy oF amphim 
the act of fertilisation. The fertilised ovum is now 
a diploid cell having 23 pairs of chromosomes, 


and is termed zygote. 


The events of implantati 
Implantation is the attac 


on are discussed as follows: 
hment of blastocyst to the 


uterine wall. It occurs after 7 days of fertilisation. 
As zygote moves towards the uterus, it undergoes 
series of mitotic divisions known as cleavage an 

forms 2,4,8,16 daughter cells called blastomeres- 
The embryo with 8 blastomeres is called morula. 
The morula transforms into blastocyst. In a 
blastocyst, the blastomeres are arranged into an 
outer layer called trophoblast and an inner group 
of cells called the inner cell mass. The trophoblast 
then gets attached to the endometrium and the 
inner cell mass 8€ jated as the embryo. 


ts different , 
After attachment the uterine cells divide rapidly 
cover the blastocyst. As a result, the blastocyst 
edded in the endometrium © 


and 
becomes emb 
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the uterus. This whole phenomenon is called 
implantation and it leads to pregnancy. 


108. Refer to answer 104. 


109.(a) The diagram of zygote after 
cleavage division is as follows: 
Polar Body 


first 






Zona 
Pellucida 


Zona 

Pellucida 

(c) Refer to answer 102. 
110. Refer to answer 107. 
111. (a) Blastocyst 


(b) A is trophoblast. It 
blastocyst to the endometriu 


(c) After implantation in uterus, 
gives rise to germ layers. 

(d) Inner cell mass. 

112. Fertilisation occurs in ampulla 
junction of Fallopian tube. 
Also refer to answer 107. 

113. (a) Ais zona pellucida. 
(b) Sperm is able to penetrate the egg with the 
help of sperm lysins. 
(c) Ampullary-isth 
(d) As soon as the s 
division of the secon 


helps in attachment of the 
m of uterine wall. 


inner cell mass 


ry-isthmic 


mic junction. 
perm enters the egg, meiotic 
dary oocyte gets completed. 


This results in the formation of a second polar 
body and a haploid ovum. Then, the haploid 
nucleus of the sperm and ovum fuse together to 
form a diploid zygote. The mitotic division starts 
as the zygote moves through the oviduct called 
cleavage towards the uterus and forms daughter 
cells called blastomeres. The embryo with 8 to 16 


blastomeres is called a morula. 





74 
114. (a) Refer to answer 107. 
(b) Refer to answer 102. 

115. (a) 


= Glands/stages 


Hypothalamus 


Fertilisation 





Hormones involved 
Gonadotropin releasing 
hormone (GnRH) 






Pituitary LH and FSH 





Estrogen and progesterone 


117. The placenta acts as an endocrine gland and 


secretes the following hormones : 
(i) Human chorionic gonadotropin (hCG) 
(ii) Human chorionic somatomammotropin 


(hCS) 

(iii) Progesterone (iv) Estrogen (v) Relaxin 

(vi) Chorionic thyrotropin and (vii) Chorionic 
corticotropin 

The hCG stimulates and maintains the corpus 
luteum to secrete progesterone until the end of 
pregnancy. The hCS stimulates the growth of 
the mammary glands during pregnancy. Relaxin 
facilitates parturition (act of,birth),by softening 
the connective tissues of the pubic symphysis. The 
level of hormones like estrogen, progesterone etc. 
are increased inmaternal blood during pregnancy. 
Increased production jof these hormones is 
necessary for supporting the fetal growth, 
metabolic changes in mother and maintenance of 
pregnancy. 

118. After implantation, finger-like projections 
appear on the trophoblast called chorionic villi 
which are surrounded by the uterine tissue and 
maternal blood. ‘Ihe chorionic villi and uterine 
tissue become interdigitated with each other 
and jointly form a structural and functional unit 
between developing embryo (foetus) and maternal 
body called placenta, which facilitates the supply 
of oxygen and nutrients to the embryo and also 
removal of carbon dioxide and excretory waste 
materials produced by the embryo, als 


Placenta ¢ acts ; 
ta also acts as an endocrine tissue 
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(b) Refer to answers 99 and 107. 
. “TS `j res reclive > 
116. The hormones and thei | functio, 


of the given glands are as follows: 


Functions 


anterior pituitary to T 


(LH) and Folli. 
| 


Stimulates the 
hormone 


luteinising (FSH) 


stimulating hormone rep ay eet 
rrowth of the ovarian tollide 
` f 


FSH stimulates theg haba 
and division of primary oocyte within the follich 
to form secondary oocyte. It also stimulates the 
formation of estrogenag | | 

stimulates thie proliferation Y 

erine wall. Progesterone. 


Estrogen 
° |] 
f endometrium! 


endometrium o! the ut 
al forthe maintenance O 


is essenti ite es | 
ig ™ sr events Of pregnancy 
for implantation and other e pregnancy, | 


eral hormones essential fo 
supporting the foetal growth, metabolic change, 
in the mother and maintenance of pregnancy, 
119. The placenta is connected to embryo through 
an umbilical cord which helps in the transport of 
substances to and from the embryo. 

120. Immediately after implantation, the inner 
cell mass (embryo) differentiates into an outer 
layer called ectoderm and an inner layer called 
endoderm. A mesoderm soon appears between 
the ectoderm and the endoderm. These three 
layers give rise to all tissues (organs) in adults. 


and ¢produces” Sev 


121. (a) Refer to answer 118. 
(b) Estrogen and progesterone are hormones 
secreted by placenta and they are present in 
non-pregnant woman. 
122.(a) The sequence of secretion of the given 
hormones in a pregnant woman is : 

FSH > LH — hCG —> Relaxin 


(b) Sources and functions of hormones : 
Function 




















Hormone| Source 
Anterior Stimulates the 
lobe of growth of ovarian, 

and 


follicles 
Secretion of estrogen 
in females. | 
| 
Induces 


pituitary 














Anterior 
lobe of 
pituitary 


ovulation 
and stimulates 

| 
corpus luteum (0) 


secrete progesterone. | 


*eeeeveeeance eer 
ee ete ese +.. . 
s... 
wee eee ee eee 7," ee ee eesee 
ee ee eaane 
-“*en8 s 
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Chorionic 
cells of 
placenta 


Stimulates tad 
maintains the corpus 
luteum to secrete 
progesterone, 















——— + a 
~~~ — 


Ovary 


— 
-e e 
„e a 
— —- 


Soften the ligaments 
that hold the pubic 
symphysis together 
for dilation of cervix. 


Relaxin 









—— 
—- 


123. (a) Placenta develops after implantation of 
embryo in the uterus of human female. Also refer 
to answer 118. 
(b) An umbilical cord connects placenta to the 
embryo. 

(c) Refer to answer 117. 

124. Oxytocin acts on the uterine muscle causing 
their contractions that help in the expulsion of the 
baby out of the uterus through the birth canal. 


125. The signals from the fully developed foctus 
and placenta triggers release of oxytocin from the 
maternal pituitary. Oxytocin is responsible for 
parturition. 

126. (a)The signals for parturition originate from 
the fully developed foetus and the placenta which 
induce mild uterine contractions called foetal 
ejection reflex. 

(b) After birth, the breast first release milk is 
called colostrum for 2 or 3 days. This is a thin, 
yellowish, fluid, often called foremilk. It contains 
cells from the alveoli and is rich in protein 
(lactalbumin & lactoprotein), antibodies, but low 
in fat. Breast-feeding during the initial period of 
infant growth is recommended by doctors for 
bringing up a healthy baby. 
127. Process of parturition is induced by both 
neural system and endocrine system therefore, 
it is called a neuro-endocrine mechanism. The 
signals for parturition originate from the fully 
developed foetus and the placenta which induce 
mild uterine contractions called foetal ejection 
reflex. This triggers release of oxytocin from the 
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maternal pituitary, Oxytocin acts on the uterine 
muscle and causes stronger uterine contractions 
that leads to expulsion of the baby out of the 
uterus through the birth canal. 


128. Refer to answer 126 (b). 


129. Yes, I agree that all young mothers must 
breast-feed their newborn babies to provide best 
nourishment to them. Human milk consists of 
fat, casein (milk protein), lactose (milk sugar), 
mineral salts (sodium, (calcium, potassium, 
phosphorus, etc). and vitamins that are necessary 
for development of the child. Mammary glands 
start producing milk at the end of pregnancy. 
The milk produced by the mammary glands of 
mother during initial days after child birth, for 2 
to 3 days is called colostrum. It is rich in proteins 
(lactalbumin and lactoprotein) and various other 
nutrients: It also contains certain antibodies (IgA), 
which provide passive immunity to the baby. This 
milk helps in developing resistance to disease for 
newborn babies. It helps the baby to fight from 
viruses and bacteria. It is also easily digested by 
the baby with no constipation or diarrhoca. 


130. Refer to answer 126 (b). 


131. The act of expelling the full term young one 
from the mother’s uterus at the end of gestation 
period is called parturition. Process of parturition 
is induced by both nervous system and hormones 
secreted by the endocrine glands of the mother. 
The signals for child birth (parturition) originate 
from the fully matured foetus and placenta 
which induce mild uterine contractions called 
foetal ejection reflex. This causes quick release of 
oxytocin from the maternal pituitary gland. 

Oxytocin acts on the uterine muscle and causes 
stronger uterine contractions which in turn 
further stimulates the secretion of oxytocin. The 
stimulatory reflex between the uterine contraction 
and oxytocin secretion continues resulting in 
stronger and stronger contractions. This leads to 


expulsion of the baby from the uterus through the 


birth canal. 
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QUICK RECAP 


© According to World Health Organisation 


Person i -a]l 
(WHO) reproductive health means functional One who has physica y 
a total well being in physical, mental, and Y normal reproductive 


normal behavioural and emo! 


Interactions with other persons in a 
related aspects, 


emotional, behavioural and social aspects 
of reproduction. A reproductively healthy 


4 
r$ 


Reproductive Health 


© Government of India initiated number 


of programmes at national level to attain 
total reproductive health as a social goal. 
Family planning was one such programme 
initiated in 1951. These are popularly 
termed as Reproductive and Child Health 
Care (RCH) programmes. Sex-education 
in schools and governmental and non- 
governmental agencies too help in creating 
awareness about reproduction related 
aspects. 


The main aim of such programmes is to create 
awareness among people about reproductive 
organs, adolescence and associated changes, 
safe and hygienic sexual practices, sexually 
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opportunities for the male and the female 
child. 


BIRTH CONTROL 


© 


At present, human population is increasing 
at a rate of over two persons every second 
or about 2,00,000 people everyday. Such a 
rapid or exponential increase in population 
is termed population explosion. Reasons 
for this are — rapid decline in maternal and 
infant mortality ratés increased health 
facilities, early marriage, lack of social 
awareness, etc. Reduction in birth rate is 
the only practicable and direct method to 


control world’s population. 


irarismitted diseases OUS SOEN CNUE RE © The regulation of conception by preventive 
sex-abuse and sex related crimes etc, and aij 

avidan facilitienand support r buildi methods. or devices to limit the number of 
P oly ae =o offspring is called birth control or contra- 
up of reproductively healthy society. a 

ception. 
© Maternal and Child Health (MCH) services l l 

and family planning are the important © The various birth contro] methods are 
programmes of health care centres under 
which people are educated about available 
birth control options, care of .pregnant 
mothers, post-natal care of the mother and 
the child, importance of breast feeding, equal 


temporary methods, permanent methods 
and medical termination of pregnancy. 


Temporary methods 


© Temporary methods prevent conception 






Barrier methods 
(Ovum and sperms do not meet due to barriers so that fertilisation does not occur). 












Cervical cap and vaginal diaphragm: Often used with 
a spermicidal jelly. Prevent sperms from entering the 
uterus and the spermicide kill the ones in contact. 


Femidom : Plastic pouch inserted into vagina, catches 
semen. 


IUDs : Plastic or metal objects which are inserted by doctors in the uterus through vagina. 

These are available as non-medicated IUDs (e.g., Lippes loop), copper releasing IUDs (CuT, 

Cu7, Multiload 375) and hormone releasing IUDs (Progestasert, LNG-20). IUDs increase 

Phagocytosis of sperms within the uterus and the Cu ions released suppress sperm motility 

and fertilising capacity of sperms. The hormone releasing IUDs make the uterus unsuitable for 
| implantation and the cervix hostile to the sperms. 


Condoms : Rubber sheath wom on 


penis, widely used barier device as 
an effective, simple and cheap method 





of contraception without side effects. 
Prevents semen from being deposited 
In vagina. 


) 
| 
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j only for a limited period. These include 
natural methods, barrier methods, IU DS, 
oral contraceptives, subcutaneous implants 
and hormonal injections. 
Natural methods 
(Avoid meeting of sperm and ova) 
Couples avoid or abstain from coitus 
ay 10 to 


(copulation or intercourse) from d 
17 ofthe menstrual cycle because ovulation 


can occur during this period. 





It involves withdrawal of the penis from the 
a just before ejaculation so that semen 






vagin 
is not deposited in the vagina and there is 





no fertilisation. 















d on the fact that ovulation and 





It is base 
therefore the menstrual cycle do not occur 
during the period of intense lactation 





following child birth. 





physiological 


are 
form of pills and 


@ Oral contraceptives 
contra-ceptives used in the 
taken by women to prevent conception. 


These are of two types : combined pills 


and mini pills. Combined. pills are most 
monly used contraceptive pills which 


com 
ain synthetic progesterone and estrogen 


cont 
to check) ovulation. Mini pills contain 
progestin (progesterone like synthetic 


hormone) only. 


( Hormonal pills act in four ways. 






Oral hormonal pills 
Actions 


Inhibition of ovulation. 


Inhibition of motility and secretory 















actions of oviducts. 
Impairing cervix’s ability to allow 


sperm passage. 





Alteration of uterine endometrium 
making it unsuitable for implantation. 
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Pills Mala D and Mala N are common) 
ills. These ate 


© 


used combined contraceptive | 
taken daily without break. 


Oral contraceptive pill, Saheli contains anon. 
d centchromay 


© 


steroidal preparation calle 
which is taken once a week alter an initia 


intake of twice a week dose for three months 


of emergency 


common form 
contraceptive is a kit consisting Of high dose 
of birth contro! pills. These kits can prevent 


pregnancy within 72 hours after unprotected 


The most 


sexual intercourse. 
Other contraceptives include hormonal 
and hormone injections (Depo 


© 


implants 
Provera), ete. 
Permanent methods 


methods block gamete transport and 
ation. 


These 
hence prevent fertilis 





ale is called 






Sterilisation procedure in m 
his method, a small part of the 





vasectomy. Int 
vas deferens is removed or tied up through a 


small cut on the scrotum to prevent the passage 














of sperms. 
Sterilisation procedure in female is called 
tubectomy (tubal ligation). In this method, a 
small part of the Fallopian tube is removed or 
tied up through a small cut in the abdomen or 
through vagina to prevent the passage of ova. 







© Both vasectomy and tubectomy are very 
effective methods but reversibility is very poor 


Medical termination of pregnancy (MTP) 


© Intentional or voluntary termination of 
pregnancy before the foetus becomes viable 
is called medical termination of pregnancy 
or induced abortion. MTP is done to ge! 
rid of unwanted pregnancies due to rapes, 
casual unprotected intercourse, failure of 


Rep 


© 


© 


roductive Health 


Unfortunately, this useful technique, is being 
misused to kill the normal female foetuses. 
Therefore, it is legally banned. 


In. Chorionic Villi Sampling (CVS) 
technique the physician inserts a narrow, 
flexible tube through the mother’s vagina 
and cervix into the uterus and withdraws 
a small amount of foetal tissue (chorionic 
villi) from the placenta. 


Q The rapidly dividing chorionic villi cells can 


pone 
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be used for karyotyping along with some 
biochemical tests. 

One of the widely used non-invasive 
technique to determine foetal condition is 
ultrasound imaging. 

Foetoscopy is a technique in which a needle 
thin tube containing a viewing scope is 
inserted into the uterus, giving the physician 
a direct view of the foetus. 











2. Why 





3. 
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4.1 Reproductive Health-Problems 
and Strategies 


ESAIT (2 marks) 


1. What is amniocentesis? How is it misused? 
(Al 2014 C) 
there is a statutory ban on 


amniocentesis? Why is this technique so 
named? (Delhi 2012C) 


| (3 marks) 


(a) Mention the problems that are taken 
care of by Reproduction and Child Health 
Care Programme. 
(b) What is aminocentesis and why there is 
a statutory ban on it? 

(AI 2016, 2014, Foreign 2015) 


If implementation of better techniques and 
new strategies are required to provide more 
efficient care and assistance to people;.then 
why is there a statutory ban on amniocentesis? 
Write the use of this technique and give reason 
to justify the ban. (Foreign 2015, AI 2014 ) 


EYBQH (4 marks) 


3. It is commonly observed that parents feel 


embarrassed to discuss freely with their 
adolescent children about sexuality and 
reproduction. The result of this parental 
inhibition is that the children go astray 
sometimes. 

(a) Explain the reasons that you feel are 
behind such embarrassment amongst some 
parents to freely discuss such issues with 
their growing children. 

(b) By taking one example of a local plant 
and animal, how would you help these 
parents to overcome such inhibitions about 
reproduction and sexuality? (AI 2017) 


Reproductive and Child Health Care (RCH) 
Programmes are currently in operation. One 


4.2 Population 





of the major tasks of these programmes ist 
create awareness amongst people about the 
wide range of reproduction related Aspects ay 
this is important and essential for building, 
reproductively healthy secre | 

(a) “Providing sex education in. schools is 
one of the ways to meet this goal. Give fou, 
points in supportof your opinion regarding 
this statement. | Ea 

(b) List any two ‘indicators that indicate 4 
reproduttively healthy society. (Delhi 2016) 


Explosion ang 
Birth Control 


SAAN) (1 mark) 


Name an IUD that you would recommend tg 


promote the cervix hostility to the sperms, 
(Delhi 2014C) 


State one reason why breast-feeding the 
baby acts as a natural contraceptive for the 


mother. (Al 2014C 


SAIS (2 marks) 


B, 


10. 


l1. 


12.: 


13. 


Why are copper containing intrauterin 
devices considered an ideal contraceptive fo 
human females? (Delhi 2014C 
What do oral pills contain and how do the 
act as effective contraceptives? (AI 2014( 


Why is “Saheli” considered an effectin 
contraceptive for women to space children’ 
(AI 2013( 


How do ‘implants’ act as an effective methc 

of contraception in human females? Mentic 

its one advantage over contraceptive pills. 
(Delhi 2012 


At the time of Indepencence, the populati 
of India was 350 million, which xplod 
to over 1 billion by May 2000. List any t 
reasons for this rise in Population and q 
two steps taken by the government to che 


this population explosion, (Foreign 20 


Reproductive Health 


SAL (3 marks) 


14. 


_ 
PA 


17. 


18. 


19. 


4.3 Medical 


a) List any fi i 
sie Ni tour characteristics of an ideal 
contraceptive. ca 
(b) Name two intra , 
auterine c i 
Ontraceptive 
Cc 
of sperms. 


(AI 2016) 


devices that affect the motility 


Name two hormones that 


contraceptive pills. Why do they h 


ave high 
and effective contraceptive 8 


i value? Name a 
commonly prescribed non-steroidal oral pill, 
(Al 2016) 
(a) Name any two copper releasing IUDs. 
(b) Explain how do they act as effective 
contraceptives in human female. (AJ 2014) 
A woman has certain queries as listed below, 
before starting with contraceptive pills. 
Answer them: 
(a) What do contraceptive pills contain and 
how do they act as contraceptives? 
(b) What schedule should be followed for 
taking these pills? (AT2014) 
Name and explain the surgical method 
advised to human males and females as 
a means of birth control. Mention its one 
advantage and one disadvantage. 
(Foreign 2014) 
Describe the lactational amenorrhea method 
of birth control. (AI 2011) 


Termination of 
-Pregnancy 


(1 mark) 


20. 


Our government has intentionally imposed 
strict conditions for MTP in our country. 





Justify giving a reason. (Delhi 2017) 
4.5 Infertility 
(1 mark) 
21. Name any,- two. assisted reproductive 
technologies that help: intert yee 


Zee 








have children, AY‘ 
Expand : GIFT and CSI. 


» I kg ` iy 
DAREA ya ‘ 


are contstituents of 
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SAIS (2 marks) 


23. 


24. 


ZJ; 


26. 


yi 


28. 


29. 


After a brief medical examination, a healthy 
couple came to know that both of them 
are unable to produce functional gametes 
and should look for an ‘ART’ (Assisted 
Reproductive Technique). Name the ‘ART’ 
and the procedures involved that you can 
Suggest to them to help them bear a child. 
(Delhi 2015) 
An infertile couple is advised to adopt 
test-tube baby programme. Describe two 
principle procedures adopted for such 
technologies. (Delhi 2015) 


A childless couple has agreed for a test tube 
baby programme. List only the basic steps 
the procedure would involve to conceive the 
baby. (Delhi 2015C) 


A couple where both husband and wife are 
producing functional gametes, but the wife 
is still unable to conceive, is seeking medical 
aid. Describe any one method that you can 
suggest to this couple to become happy 
parents. (AI 2014) 


“Intra-Cytoplasmic Sperm Injection” and 
‘Gamete Intra Fallopian Transfer’ are two 
assisted reproductive technologies. How is 


one different from other? (AI 2014C) 
Why is ZIFT a boon to childless couples? 
Explain the procedure. (Delhi 2013C) 
State any four methods to overcome 


infertility in human couples. (Delhi 2011C) 


EMT (3 marks) 


30. 


Suggest and explain any three Assisted 
Reproductive Technologies (ART) to an 
infertile couple. (AI 2013) 


N (4 marks) Oooo 


3l: 


A large number of married couples over the 
world are childless. It is shocking to know 
that in India the female partner is often 
blamed for the couple being childless. 

(a) Why in your opinion the female partner 
is often blamed for such situations in India? 
Mention any two values that you as a biology 
student can promote to check this social evil. 
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(b) State any two reasons responsible for 
the cause of infertility. 


(c) Suggest a technique that can hel l 
couple to have a child where the problem 1S 


with male partner. 


p the 


(AI 2016) 


32. Your school has been selected by he 
Department of Education to organise and hos 


Detailed 


l. Amniocentesis is a prenatal diagnostic 
technique used to determine sex and metabolic 
disorder of an unborn foetus. This technique 1s 
often misused to kill an unborn normal female 
foetus. 

2. There is a statutory ban on amniocentesis 
because it is being misused to kill unborn normal 
female foetuses. This technique is based on the 
principle that amniotic fluid contain cells from the 
skin of the foetus and other sources and therefore 
can be used to determine its sex, chromosomal 
abnormalities, etc. hence named amniocentesis. 


3. (a) Reproduction and.=Child Health 
Care (RCH) programmes cover wide range of 
reproduction - related areas. Creating awareness 
among people about various reproduction related 
aspects and providing facilities and support for 
building up a reproductively healthy society are 
the major tasks under these programmes. 


(b) Refer to answers 1 and 2. 


4. Better techniques and new strategies provide 
more efficient-care and assistance to people but 
these are often misused by the people for their 
benefit. Best example of this is amniocentesis. 
Amniocentesis is a prenatal sex and disorder 
determining test which can be used to determine 
any chromosomal, biochemical and enzymatic 
abnormality in an unborn foetus. But, this 
technique is often misused to kill the normal 
unborn female foetus therefore it is banned, 
Yes, the ban is fully justified so as to prevent 
the growing number of female foeticides in the 
country. 
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ninar on “Reproductiy, 
blems and Practices . However 
-Pro ts are reluctant to permit thej, 


nd it. Their argument is that the 
rrassing’. Put forth foy 


sel 
an inter schoo! 


many paren 
atte i 
«< “too emba a 
S with appropriate reasons and 
ustify the topic to be very 
(AI 2015) 


explan 
essential 


ation tO j 
and timely. 





Solutions 


ho could not.discuss freely about reproduction 
who 


i i i ildren are: 
ality with their chil 
Sons Bis feel they do not have enough 


reliable source of accurate information. i 

(ii)y Some>parents believe that talking a out sex 
will lead the adolescent child to experiment. In 
fact, research shows that teens who have talked 
with their parents about sex are more likely to 
postpone sex and use birth control measures 
when they do begin. 

(iii) Sometimes the society is also responsible 
as it has set several barriers between parents and 
child which do not allow them to talk regarding 
reproduction and sexuality. 

(iv) Parents still living with orthodox mindsets 
find hard to initiate such talks with their children. 
(v) Parents are uncomfortable Saying sexual 
words and phrases out loud. 


(b) The parents can explain the process of 
reproduction and sexuality by taking the example 
of mango tree. Mango tree can be seen easily in our 
localities. It bears both male and female flowers. 
The parents can help the child in distinguishing 
male part from female part in a flower. Further, 
they can explain the child about the reproductive 
phenomena in the flower. In flower, the pollen 
grains from male are transferred to the stigma of 
female part. The pollen grain carry mal À 
the ovule present in female he. p 
When polle, die ante corry female gamete. 
male gamete fuses With the sale eae Stigma 
e female gametes and 


brings rtilisati 
ings about fertilisation. This fertilisation results 


in the formati 
e formation of zygote which later develops into 


2 See a new mango 
existing tree. 


nce, we may 
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n the same way, pare 
| seni j parents can e 
about repro uction and sex 
example of dogs that San oo 
localities. The male dog insert 
dog and transfers the male seminate the female 
i ; < lamete (e s 
the female dog by SEEREN nr (sperm) into 
i > * INe 
je SPEY oe egg fuse inside ih, two gametes 
female dog. [his is known as inte i body of the 
or internal syngamy. It results in ee 
ined oo e formati 
zygote, which develops inside the bo ae of 
dog into the embryo and then into dy of female 
fetus. The time between concept; a fully formed 
of young one called U pert 4 the birth 
, ’ , > erio E In do 4 $ 
is of 60 Ma days. After the completion of i it 
eriod, emale dog gives birth to the yo ion 
j.e, puppies: AA anes 
6. (a) Providing sex education is one of the 
most elective ways to create a reproductivel 
healthy society because y 
(i) itwill provide the pre-requisite knowledge to 
the curious adolescents, which will prevent them 
from getting misguided. 
(ii) it will create awareness about STDs (sexually 
transmitted diseases) and ways to prevent and 
cure them. 
(iii) it will teach methods of family planning and 
taking care of a female during pregnancy. 
(iv) it will also create awareness about topics such 
as infertility and different methods of curing the 


Spain their child 
ua ity by taking the 
asily be seen in the 


same. 
(b) Two indicators of reproduct 


society are : 

(i) Reproductivel 
emphasise on a single sex. 
the female and male sex rati 
Moreover, due tO implementation 
planning measures, the population size 


control. 

(ii) A reproductively h 
incidences of diseases 
system and few cases of sprea 
transmitted diseases: 
omen or foe 
chr 
e for pregnant 


ively healthy 


y healthy society does not 


In such society, 
o is maintained. 
of family 


is under 


ealthy society has fewer 


related to reproductive 
d of sexually 


f death of 


ticide due to complicated 
educed due to availability 
women. 

sing IUP 
ich makes 
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pregnancies are mu 
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8. | Ovulation, and therefore the menstrual 
cycle, does not occur during intense lactation 
period (following parturition). Therefore, breast 
feeding the baby act as a natural conteaventive for 
the mother but that too upto a maximum peri 

of six months. = 


oe oe ee intrauterine devices 
oh E u7, ete) are considered an effective 

raceptives for human females as the Cu ions 
released by them suppress sperm motility and 
fertilising capacity of the sperms. Hence, they act 
as effective birth contro] method. “ 


me A O A either progestin 
or a combination of 
progestogen and estrogen both. Oral pills inhibit 
ovulation motility and secretory activity of 
Pidy and changes the cervical mucus that 
impairs transport of sperms and also alter the 
uterine endometrium and makes it unsuitable 
for implantation. Hence, they act as effective 
contraceptives for human females. 

11. ‘Saheli’ isan oral contraceptive pill containing 
non-steroidal preparation called centchroman. It 
has high contraceptive value with little side effects. 
Saheli acts by inhibiting ovulation, inhibiting 
the motility and secretory activity of oviducts, 
impairs cervix to unable transport of sperms and 
make uterus unsuitable for implantation. Hence, 
it is considered as effective contraceptive to space 


children. 

12. Subcutaneous ‘implants’ are under the skin 
implantation of synthetic progesterone. They are 
an effective contraceptive method as they check 
ovulation and thicken cervical mucus to prevent 
sperm transport. ‘Subcutaneous implants are 
more advantageous than contraceptive pills as 
they are long lasting, once implanted they are 


effective upto 5 years: 
13. All round development in various fields and 
increased health facilities along with better living 
conditions has significantly improved the quality 
of life of people and has resulted in explosive 
growth of the population. Two major steps taken 
by the government to check this population 


growth are : 
(i) People are educat | 
of a small family try using various C 


methods. 


ed a front the advantages 
ontraceptive 
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riageable age 
ars. 
ve the 


(ii) There is statutory raising of mar 
of females to 18 years and of males to 21 ye 


14. (a) An ideal contraceptive must ha 
following four characteristics : 

(i) It must be safe and user friendly. 

(ii) It must be easily available. 

(iii) It must be reversible with little or 7° S 
effects. | 
(iv) It must in no way interfere with the sexua 
drive, desire or sexual act of the user. 

(b) CuT and Multiload 375 are two copper 
releasing IUDs that affect the motility of the 
sperms. 


15. Two hormones that 
contraceptive pills are progestogen (progester' 
and estrogen. Oral pills may contain êl 
progestogen alone or a combination of b 
progestogen and estrogen. . 
Oral (contraceptive) pills have high and effective 
contraceptive value as they help to prevent 
pregnancy by inhibiting body’s natural cyclical 
hormones. They usually stop the body from 
ovulating, change cervical mucus to make it 
difficult for sperm to go through cervix, and 
prevent implantation of the fertilised egg. ‘Saheli’ 
is a commonly prescribed non-steroidal oral pill. 


16. (a) Two copper releasing IUDs are CuT 
and Multiload 375. 
(b) Refer to answer 9. 


17. (a) Refer to answer 15. 

(b) Contraceptive pills have to be taken daily 
for 21) days starting within the first five days of 
menstrual cycle and this has to be repeated after 
a gap of 7 days in the same pattern till the female 
desires to prevent conception. 
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18. Surgical methods of birth control advised 
to human males and females are vasectomy and 
tubectomy respectively. In vasectomy a small part of 
the vas deferens is removed or tied up through a small 
cut on the scrotum while in tubectomy a small part 
of the Fallopain tube is removed or tied up through 
a small cut in the abdomen or through vagina. Both 
vasectomy and tubectomy are permanent birth 
control methods with no side effects but one dis- 
advantage of this procedure is that their reversibility 
is very poor. 

19. Lactational amenorrhea (absence of 
menstruation) is a natural method of birth 
control and is based on the fact that ovulation 
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92. GIFT: Gamete Intra Fallopian Transfer 
ICSI : Intra Cytoplasmic Sperm Injection. 


23. Assisted Reproductive Technologies (AR 
help to solve infertility problems in infer 
couples. In the given case, both the partne 
are unable to produce functional gametes , 
the technique that we would suggest to them. 
Gamete Intra Fallopian Transfer (GIFT). Int 
procedure the superovulation is done as in Iy 
Two collected oocytes alongwith about 200, 
500,000 motile sperms for each Fallopian t 
are placed in a plastic tube container. It is t 
transferred through laproscope and inserted 4¢ 
into the distal end of the Fallopian tube where t 
combination is injected. This method is better th 
IVE. Its success rate is 27-30%. 


24. Two principle procedures adopted for t 
tube baby programme are ZIFT (Zygote In 
Fallopian Transfer) and IUT (Intra Uten 
Transfer). In this procedure fusion of ovum ê 
sperm is done outside the body of a woma 
the laboratory to forma zygote. The zygote is th 
allowed to divide forming 8 blastomeres 22 
sien into the Fallopian tube (ZIFT - ZYE 
ies arene Transfer). If the embryo is g 
uterus (IUT blastomeres it is transferred into 
its further 4 Intra Uterine Transfer) to comp" 
fertilisation ii psa Thus , this is 1" " 
in almost dril; - fertilisation outside the © 
followed by am Conditions as that in the b° 
yo transfer (ET), 


— r 
conditions ae 
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15. Refer to answer 24. 


16. In the given case, both the partner 
roducing normal gametes but female is snabl ii 
concieve. This means that there is some robh N 
with Fallopian tube or uterus or hormonal | il 
of the female. Thus, the method that we su ma ; 
to the couple is of surrogacy. In this evi 
ova from the wife and sperms from the neti 
are induced to form zygote in the hbeicstens the 
zygote is then allowed to divide to form ambi 
A developing embryo is then implanted in thie 
rus of another female (surrogate mother). The 


ute 
surrogate mother then gives birth to the child. 


27. The differences between ICSI and GIFT are : 







Intra Cytoplasmic Gamete Intra 


Sperm Injection Fallopian Transfer 
(ICSI) (GIFT) 
Spermatozoon/ Sper-|Sperms and unfertilised 
is directly|ova both are transferred 



















matid 
injected into 
cytoplasm of 
oocyte by puncturing fert 
zona pellucida. 


[Overall success rate is Overall succ 
27-30%. 


28. ZIFT (Zygote Intra Fallopian Transfer) is 


3 boon to childless couples as it helps them to 
chnique, ova from wife/ 







ilisation takes place. 






ess rate is 







become parents. In this te 
donor female and sperms from husband/donor 
male are induced to form zygote in laboratory. 
allowed to divide upto 8 blastomeres 
a zygote or early 
the Fallopian tube. 
rus where 


Zygote is 
stage and it is at this stage 
embryo is transferred into 
Implantation takes place in the ute 
further development takes place. 

29. Following are the four methods to overcome 


infertility problems in human couples : 


(i) Test tube baby programme : In this 
the fusion of ovum and sperm is done outside the 
body of a woman (in vitro fertilisation), to form 
zygote which is allowed to divide t form 
The embryo is then implanted int (A 
it develops into a foetus and the 


method, 
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Sperm Injection (ICSI) : 
is formed in the 
rm into the 


(ii) Intra Cytoplasmic 
In this technique, embryo 
laboratory by directly injecting the spe 
ovum followed by embryo transfer. 

(iii) Artificial Insemination Technique (AIT) : 
Semen (containing sperms) from husband or 


donor is artificially introduced into vagina OF 


uterus (IUI). 
(iv) Gamete 
Sperm and unfertilised ova a 
the Fallopian tube of the fe 
fertilisation and further development. 


Intra Fallopian Transfer (GIFT) : 
re transferred into 


male to complete 


30. Refer to answer 29. 

31. (a) There is a common myth prevailing 
in our society that inability of a couple to have 
child is due to the infertility of female partner 
ause female carries the child in her 
womb. Being a biology student we should create 
awareness among people that both male and 
female partners equally contribute for having a 
child. This is because baby is formed from zygote 
that is formed by fusion of both male and female 


infertility in either male or female 
ave child. 


only, itis bec 


gametes. Hence, 
can be responsible for inability to h 
Infertility in both males and females can be easily 
cured as there are so many specialised infertility 
clinics which provide treatments to childless 
case treatment is not possible, the 
have children through 
lled the assisted 


couples. In 
couples can be assisted to 
certain special techniques ca 
reproductive technologies. 

(b) Infertility can be due to following reasons: 
(i) Infertility in males can be due to low sperm 
count, blockage of vasa deferentia and vasa 
efferentia affecting sperm transport, hormonal 


deficiency, impotency (inability to erect and 


penetrate penis into vagina of female) and 


presence of anti-sperm antibodies in semen. 

(ii) Infertility in females can be due to ovulation 
disorders, abnormality in uterus, blockage or 
ge to Fallopian tubes, chronic endometritis, 


te l 
n uterus, etc. 
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Following are the four points 
o be essential: 


sex-related aspects. 


to justify this topic t 
(i) Awareness of problems due to uncontrolled 


h, social evils like sex abuse 
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reproductively healthy society. 
(ii) Large group of school students com . 


l 
ly 
adolescents who have attained puberty, the 


tefo, 
Medic. 
ated Proben, 
like menstrual problems, infertility, Pregnan, 


delivery, contraception, abortions, etc. 
(iii) Knowledge about sexually-trans 
diseases (STDs) is essential as children shoul, 
be aware that unprotected sex with Multip) 
partners results in the transmission Of sey, 
related problems. 

(iv) Increasing population is a major Problem y 
India which is directly related with re 
health. Children should be 
planning programmes such as 
child health care (RCH) progra 


these seminars are necessary to provide 
help and care for reproduction rel 


Mitte 


Productiy, 
aware of famip 
reproductive and 
mmes. 


EREK OLAS 









Principles of 
Inheritance and 
Variation 


s, Mendel's Laws of Inheritance 


52 inheritance of One Gene 5.4 Sex Determination 
53 inheritance of Two Genes 5.5 Mutation 





5.6 Genetic Disorders 









| k iz ye oy 
Topicwise BUELL of Last 10 Years’ CBSE Board Questions (2018-2009) 


16 Bl vsa 
"| BB sal 


24 | ZA sal 
O aA 


—> 
oO 


Number of questions 


fo =) 


Me Maximum weightage is of Inheritance of One Gene. >» Maximum number of SA ll type questions 
> Maximum We PVI i and 'LA type were asked from Genetic Disorders. Tak. 
Questions were asked from Inheritance of One Gene. 


QUICK RECAP 


Q Genetics is a branch of biology that deals with the study of heredity and variations. Heredity is the 
Study of transmission of characters from parents to offspring or from one generation to the next. 
The characters that are passed from one generation to the next are called hereditary characters. 
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y .. - e RIR 
Variations may be defined as the differences 
in characte 


A species and also by the offspring or siblings 
of the same parents 


© The term Genetics was first used by W. 
Bateson (1906). 


© Gregor Johann Mendel (1822-84) is called 
the Father of Genetics because he was the 
first to workout the patterns of heredity by 
performing experiments on garden pea plant 
(Pisum sativum), 


GENETIC TERMINOLOGIES AND SYMBOLS 


@ Character is a well defined morphological 


or physiological feature of an organism, for 
example plant height. 


© Trait is the distinguishing feature of a 


character, for example tallness or dwarfness. 


© Gene is the unit of genetic information that 


determines the biological character of an 
organism. 


© Allelomorphs or alleles refer to the two 
Mendelian factors which occur on the same 
locus on the two homologous chromosomes 
of an individual and control the expression of a 


character e.g., Tand.t, Y and y Rand rare pairs 
of alleles. 


© Term allele was given by W. Bateson. 


© Dominant allele is one of the factor of an 
allelic pair which can express itself whether 
present in homozygous or heterozygous 
state, e.g., T (tallness in pea), R (round seed 
in pea). 

© Recessive allele is the factor of an allelic pair 
which is unable to express its effect in the 


presence of its contrasting alternative form 
in a heterozygote, e.g., t in Tt. 


© The diploid condition in which the alleles 
at a given locus are identical js called 
homozygous or pure, e.g, TT or tt. 
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© 4 lividual containing both dominant 

or indi ‘ i allelic wale aw G 
ive genes of an allelic pair, e.g., 7 

recess ’ 


rid. 
known as heterozygous or hyl 
n ar i | 
When only one allelic pair is consid, 
1¢1 ie 
in cross breeding, It IS called monohyh 
cross. | 
When two allelic pairs are considereq 
. a = ) S. 
crossing, it is called dihybrid cross 
rr) » 2 ) Jre 
When there is involvement of more than 
allelic pairs in across 1t 1S called polyhyb, 


Cross. 
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F, generation is the generation of hyby; 
produced fromacross between the genetical 
different individuals called parents, p 
example, Tt individuals are produced in | 
generation from a cross between TT ang 
parents. 


© F, generation is the generation of individua| 
which arises as a result of inbreeding 0 
inter-breeding amonst individuals of f 
generation. 


Q 


Hybrid vigour or heterosis is the superiorih 


of hybrid over either of its parents in one oi 
more traits. 


Q 


Genotype is the gene complement or genetic 
constitution of an individual with regard 
to one or more characters 


irrespective of 
whether the genes are express 


ed or not. 


Phenotype is the observable characteristic 


of an organism which is d 


etermined by its 
genes. 


The portion or re 
representin 
locus. 


gion on chromosome 
8 a single gene is called gene 


The aggregate of all 
Present in > 
known as th 


Senes and their alleles 


pure breeding line is a strais 
of individuals h . 


considered emozygous for all gent: 
r i 
“1 The term was coined b 
Johannsen. 
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a, selected distinct pairs of trai sativum. Mendel got success because he selected only pure breeding varieties of 
aits, considered one or two characters at a time, kept a well maintained eae: Sr RYE 


cross and used laws of Probability for analysing result 
$. 


He deduced the following three laws; 


- Table : Traits studied by Mendel 
Recessive 
Axial (A) Terminal (a) 
Pod colour O M Green (G) Yellow (g) 
Podshepe O Full or Inflated (1) Constricted (i) 


l 
Seed shape Round (R) Wrinkled (r) 


Seed colour Yellow (Y) Green (y) 






Mendel’s work has been formulated into 3 laws: 


Law of segregation 


It states that when a pair of contrasting factors are brought 
together in a hybrid; these, factors do not-blend or mix up 
but simply associate themselves and remain\toge er and 
separate @gain at the time of gamete formation. This law 
is alse known as aw of purity of gametes” because each 
gamete is pure in itself i.e., having either T (i.e., gene for 
tallness) ar t (i.e., gene for dwarfness). 









Law of independent assortment 





It states that the genes of different characters located 
in different pairs of chromosomes are independent 
of one another in their segregation,during gamete 
formation. Mendelian recombinations were 
mainly due to independent assortment. This 
priniciple was proved using dihybrid cross with 
phenotypic ratio 9: 3:3: 1. 


Law of dominance 


Every character is controlled by a gene (called factor by Mendel) which occurs in two alternative forms called alleles. 
Law of dominance states that only one factor expresses itself in F, generation. The factor/allele called dominant is able 
to express its effect while the factor called recessive remains suppressed In F,-generation. F, generation expresses both 
the dominant and the hidden recessive factors in the ratio of 3: 1. c l 


™ 



























) 






© Punnett square is a checker board which was Back Cross and Test Cross 


oe = en dpa and used to Show © A cross of F, hybrid with either of the two 
the result of a cross between two organisms. homozygous parents is known as back 


© Genome is a constitution of all the genes cross. When F, offspring are crossed with 
contained in a single set of chromosomes, the dominant parents, all the F, offspring 
ie, in a haploid nucleus. Each parent, develop dominant character. On the other 
through its reproductive cells, contributes its hand when F, hybrids are crossed with 
genome to its offspring. A single genome is recessive parent, individuals with both the 
present in haploid cells, two in diploid cells phenotypes appear in equal proportions. 


and many in polyploid cells. 
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Gene interactio 
genes, 


Two types 





Intragenic interaction 
In intragenic interaction, tw 


o alleles of a gene which are 
present on the same gene locus on the two homologous 
chromosome 


S, Interact to produce modified phenotype. 


Incomplete dominance 


It is the Phenomenon Where dominant allele does not 
completely express itself. This was first studied in flower 
colour of Mirabilis jalapa or four © clock plant. The 
Phenotypic as well as §enotypic monohybrid ratio in F, 
generation in incomplete dominance is ] 72:1 i.e., pure 


dominant: hybrid : pure recessive, 


Codominance 


fon of two alleles lacking a dominant- 
Nship where both of them express 
together and equally in the organisms. 
The codominant alleles are able to express“themselves 
independently when Present alone. The phenotypic ratio 


is1:2:], 
Multiple alleles 


These alleles are multiple. forms (more than two 
alternatives) of a Mendelian factor or gene which 


occur on the same gene locus, distributed in different 



























It is the phenome 







themselves 

























blood group System in human beings is an example 
of both codominance and multiple alleles. In human 
population, 3 different alleles for ABO blood group 
systems are found 74, IB and I° or i. 1^ and IP are 
dominant over I° or į 1^ and 15 are responsible for 
A and B antigens (glycoproteins) while I° or i does 
not produce any of these A or B antigens. A person is 


having only two of these three alleles and blood 


type 
can be determined by their antigen 


types. Six genotype 
combinations are possible with these three alleles, 























Lethal genes 
They are genes which control some vital functions 
of the organism and cause death of the or 
homozygous recessive condition. With the 
homozygous lethal, the monohybrid ratio beco 






ganism in 
death of 
mes 2:1. 
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Complementary genes 


- present on different loci Produce the , 
If two genes am ` alone but interact to torm a n tait 
en . led 2 
effect whe H together, they are called complemen, 
when prese „mentary gene interaction js Seen , 
Compleme Ca aa 9:7 in 
sweet pea with F, ratio 9: 7. 
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Supplementary genes 





Supplementary genes are two non-allelic genes in 

we > of gene produces its effect whether the Other 
one, dato and the second (supplementary) Bene 
: hues its effect only in the presence of the first. Usual] 
rears a new trait. interaction of supplementar 
in mice for coat colour gives F, ratio 9:3:4, 


which 







Y Benes 








Epistasis can be defined as the Phenomenon of gene 
interaction wherein one gene interferes with the 
phenotypic expression of another Bene or genes. The 
gene or locus which suppresses or masks the action ofa 
gene at another locus is called epistatic gene. The gene 
or locus whose expression is suppressed by an epistatic 
gene is called hypostatic gehe. 

The dihybrid ratio for dominant epistasis is 12 :3;1 
Recessive epistasis dihybrid ratio is 9 + 3 : 4. Do 
recessive epistasis ratio is 13 : 3, 













minant 







» It is said to be pleiotropic 
Called Pleiotropy. Pleiotrop) 
anaemia, haemophilia, etc 


omenon is 
n Sickle cell 
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becauss recessive Benes can express thems l 

in females only in the homozygous stat ery 
colour blindness, haemophilia etc SAUR. uE, 


ð X-linked traits follow the pattern of cri 
cross inheritance where a Pieni ne 
the traits to the grandchild of the le ca 


father passes the traits to grandson through 








Chromosomal mutations 






The change that occurs in the 
morphology of chromosomes 
resulting in change in number 
or sequence of gene without any 
change of ploidy. 


It involves 


Aneuploidy. 


Loss of a segment (or part) 
from one or other end of 
chromosome (terminal) or within 
the chromosome  (intercalary) 
followed by reunion of terminal 


segments. 
















Duplication 
Presence of same block of gene 
more than once in a_ haploid 
complement. 












Kind of interchromosomal 
rearrangement in which there is 
mutual exchange of chromosomal 
segments between non- 


homologous chromosomes. 




















Inversion 


Chromosome breaks at two points, 
the broken piece rotates through 
180° and reunites in reverse order. 
When centromere is present in 
the inverted segment, it is called 
pericentric otherwise called 
paracentric inversion. 


PEDIGREE ANALYSIS 


© Pedigree is a chart showing a record of 


Genomatic mutations 


the change..in 
number of chromosomes. It 
is of 2 types: Euploidy and 










An organism either loses 
a complete \set_ or acquires 
one or more additional set 
of chromosomes over and 
above the two sets of diploid 
complement. It is of 2 types - 
monoploidy and polyploidy. 


Aneuploidy 


Addition or loss of one or 
more chromosomes to/from 
complete diploid chromosome 
complement. It is of 4 types: 
trisomy (2n+1), tetrasomy (2n 
+ 2), monosomy (2n - 1) and 
nullisomy (2n - 2). 
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his daughter while the mother transfers traits 
to her grand daughter through her son. 


MUTATION 


@ Mutation is the sudden inheritable 
discontinuous variation which appears in an 
organism due to permanent changes in their 
genotypes. The term mutation was coined by 
Hugo de Vries (1901). 








It is the sudden change in structure 


of a gene or cistron due to change 
in its nucleotide type or sequence. 





Substitution mutations 
















A nitrogenous base of triplet codon 
of DNA is replaced by another 
nitrogenous base or its derivative 
thus, changing the codon. 
Replacement of a purine/ 
pyrimidine by another purine/ 
pyrimidine in a polynucleotide 
chain is called transition. 
Replacement of purine by a 
pyrimidine or vice versa, is called 
transversion. 





Frame-shift mutation 


The mutations caused by the 
addition or deletion of nitrogenous 
bases in the DNA are known as 
frame-shift mutations because these 
shift the reading frame of codons 
from the site of change onwards. 
These are of 2 types : deletion 






mutation caused due to the loss or 
deletion of one or more nucleotides 
and insertion mutation caused by 
the addition of one or more extra 
nucleotides in a DNA molecule at 
one or more places. 


inheritance of certain traits for two or more 
ancestral generations of human beings or 
domesticated animals in the form of a 


i Se ee ——_ 
4 a wa > ee PS me m re ee eer F Tro SS we ee rl 
= Im. . l 


oe eS oe a 


CE O 


. „ýs 18 a 
diagram of family tree. Pedigree analysis 


+ } ee 
system of analysis by following the movem is 
and distribution of certain genetic traits. 
system has following conventions: 


|] Male 
C) Female 


<> Sex unspecified 
Fy O <» Affected individuals 


L D 


Mating between relatives 
(consanguineous mating) 


Parents above and children 
below (in order of birth, 
left to right). 


Parents with male child 
affected with disease 


> Five unaffected offspring 
O QI P crier 


Table 1 : Some known chromosomal abnormalities 


JE 


Trisomy 21 
XO 






Common name of 
abnormality 






Down's Syndrome 





50); sh 
palmar 


ia 
XXY 


Turner’s Syndrome 






breasts and de 





Klinefelter’s 
Syndrome 
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Also known as Mon 
skin fold above the 


Short stature, W 
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AN GENETIC DISORDERS 


Human Genetic Disorders 
Chromosomal disorders 


aused due to ab 
These are Cause SENCE eten 
or abnormal arrangement of one or + 
chromosomes. These are non-inheritay, 


Some chromosomal disorders haye U 

discussed ahead in the table 1. : 
Gene related disorders 

These disorders are determine , 


alteration or mutation in a single Rene 
They are transmitted to the Offspring x 
per Mendelian principles. These are a 
known as Mendelian disorders. Som 
common Mendelian or genetic disorder 
are discussed ahead in the table 2. 


Clinical symptoms 


golian idiocy; oriental features, epicanths . 
eye, mental retardation (1.Q. usually be 


Ort stature, Protruding furrowed tongue, transve™ 
crease; susceptible to respiratory infections, etc. 


ebbed neck, female with poorly develop” 
Senerated Ovaries and rudimentary $5” 
» with slight mental retardation. 


Male with i 
degenerating testes, enlarged breasts. 


y 
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pple 2: Mendelian disorders 


abl 
M 
l ode of Cause of disorder 
inheritance 


Cystic fibrosis | Autosomal Failure of chloride ion 


transport mechanism in 


cell surface membrane | liver, | pancreatic malfunction. 
of epithelial cells. Maldigestion of food with high fat 







Clinical description 














High level of sweat electrolytes, 






recessive 


2. Haemophilia X-linked Lack of blood coagulant. 
recessive 
3, | Phenylketo- Autosomal 


Deficiency of enzymes 
nuria (PKU) 


phenylalanine 
4. | Colour 
blindness 


hydroxylase. 
5, | Sickle cell- 


pulmonary. disease, cirrhosis of 











content in stool. 


Chronic bleeding 


Leads to decreased pigmentation of 





recessive 











hair, mental retardation. 















X-linked Absence of green cone Inability to distinguish green colour 
recessive or red cone pigment. and red colour. 


Autosomal Formation of abnormal Abnormality of red blood cells 
haemoglobin S in RBCs. | caused by the presence of an 
inappropriate amino acid in the 
B-chain of haemoglobin molecule. 
Causes extreme distortion of shape 
(sickling) of RBC which leads to the 
premature destruction of cell. 
















recessive 
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5.1 Mendel’s Laws of Inheritance 


(1 mark) 


1. A geneticist interested in studying variation» 
and patterns of inheritance in living beings 
prefers to choose organisms for uperen 
with shorter life cycle. Provide a reason: 

(Delhi 2015) 


2. Mention any two contrasting traits with 
respect to seeds in pea plant that were studied 
by Mendel? (Al 2014) 


3. A garden pea plant (A) produced inflated 
yellow pod, and another plant (B) of the 
same species produced constricted green 
pods. Identify the dominant traits? 

(Delhi 2012) 


4. Name the contrasting pod-related «traits 
studied by Mendel in pea plant experiment? 
(Al 2011C) 

3. 


Mention two contrasting. flower related 
traits studied by Mendel in his pea plant 
experiments. (AI 2011C) 
9.2 Inheritance of One Gene 


(1 mark) 


6. Name the typeof cross that would help to 
find the genotype of a pea plant bearing 
violet flowers. (Al 2017) 

7. State a difference between a gene and an 
allele. (Delhi 2016) 

8. On what basis is the skin colour in humans 
considered polygenic? (AI 2015) 

9. How many kinds of phenotypes would you 
expect in F, generation in a monohybrid 
cross exhibiting co-dominance? 

(Delhi 2014C) 

10. 


Name the respective pattern of inheritance 
where F, phenotype 


(a) does not resemble either of the two 
parents and is in between the two. 
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mbles only (AT 2019, 


(b) ree 
ind the genotype of an 
1}. How hibiting a dominant phenotype 
xn ‘ (Deihi 201X ' 


he percentage ot the pea Plant, 
12. Write t d be homosvRous recessive in F, 
that woe hen tall Fi Weterozygous pe 


W po 
generation (Deihi 2012C) 


; ,. 
plants are selteds 


trite the percentage OF the pea plants tha 
13. VN a K heterozygous tall in t ’ RENE ion 
wou i h fzygous F, pea plants are 
hy Ñ (Dethi 2012C) 
sell 
If atest Cross progeny ot pea plants, all Were 
N b ¥ vialet flowers Give the genotypes of 
e = lant (Al 2012C) 
the parent pea piani- 


15. Differentiate between dominance and co 
f ope 
dominance. (Al 20]}) 


16. Mention the type of allele that expresses itself 
only in homozygous state in organism. 


(Foreign 2011) 
BE (2 marks) 


17. When does a geneticist need to carry a test 


cross? How is it carried? (Foreign 2015) 


18. State and explain the law of segregation as 
proposed by Mendel in a monohybrid cros? 


(2/5, Foreign 2015) 
13. Give an example of a gene responsible for 


multiple phenotypic expressions. What are 


such genes called ? State the cause that i$ 
responsible for such an effect? 


20. 


A (Foreign 2015) 

cr . 

in, a Ren out between two pes 
+ showing the contrasting traits of 
eight of the pla 


Showed 50 nts. The result of the cross 
% Parental characters. 


(a) Work 
Out the c — i 
Punnett square cross with the help of 3 
(b) Na 
aam s 
e the type of the cross carried oul 


(Delhi 2014 
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29. 


30. 


31. 


k : ? à 
l oups in humans? Write the e 


ples of inheritance and Variation 


ow does the gene ‘T control ABO blood 
ffect the gene 
son the structure of red blood cells aiii 
(Delhi 2014) 
in snapdragon a cross between true-breeding 
red flowered (RR) plants and true-breeding 
white flowered (rr) plants showed a progen 
of plants with all pink flowers, ae 
(a) The =? anemia of pink flowers is not 
known as blending. Why? 
(b) What is this phenomenon known as? 
(AI 2014) 
with the help of one example, explain the 
henomena of co-dominance and multiple 
allelism in human population? (AI 2014) 


Explain pleiotropy with the help of an 
example. (Foreign 2014) 


gr 
ha 


- In a cross between two tall pea plants some 


of the offsprings produced were dwarf. Show 
with the help of Punnett square how this is 
possible. (Delhi 2013) 


A cross between a red flower bearing 
plant and a white flower bearing plant of 
Antirrhinum produced all plants having pink 
dowers. Work out a cross to explain how this 
is possible. (AI 2013) 


In a typical monohybrid cross the F, 
population ratio 1s written as 3:1 for 
phenotype but expressed as 1:2: 1 for 
genotype. Explain with» the help of an 
example. (AI 2013) 


Work out a cross.to find the genotype of 


a tall pea plant. Name the type of cross. 
(AI 2013) 


Tallness of pea plant is a dominant trait, 
while dwarfness is the alternate recessive 
trait. When a pure-line tall is crossed with 
pure-line dwarf, what fraction of tall plant in 
F, shall be heterozygous! Give reasons. 
(AI 2011C) 
How does a test-cross help in identifying the 
enotype of the organism? Explain. 
_— ° (Delhi 2010) 
When a tall pea plant was selfed, it produced 


i ixplain 
one-fourth of its progeny as dwarf. Exp 
with the help of a cross. (Delhi 2010) 


32. 


~ 
w 


34. 


35. 
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Inheritance pattern of ABO blood groups 
in humans shows dominance, codominance 
and multiple allelism. Explain each concept 
with the help of blood group genotypes. 
(Delhi 2009) 


Identify a, b and c in the table given below: 















Pattern of Monohybrid F, 


inheritance phenotypic expression 


ee ee 





1. Codominance 


Zz b 














The progeny 
resembled only one of 








the parents. 


3. Incomplete 
dominance 
(AI 2009) 
Provide genetic explanation for the 


observation in which the flower colour in F, 
generation of snapdragon did not resemble 
either of the two parents. However, the 
parental characters reappeared when F, 
progenies were selfed. 


(2/5, AI 2009C) 
Tall plant x Tall plant : Phenotype 
Tt Tt : Genotype 


Look at the above diagram and answer the 
following questions. 

(a) Write the genotypes of A, B, C, D. 

(b) Write the phenotypes of A; B, C, D. 

(c) Write phenotypic ratio of progeny. 


(d) Write genotypic ratio of progeny. 
(AI 2009C) 


EENH (3 marks) 


36. What is a test cross? How can it decipher the 


heterozygosity of a plant? (AI 2016) 
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37. 


38. 


39. 


40. 


45. 


46. 


and 


A teacher wants his/her students tO ne 

the genotype ot pea plants bearing Pe cn 
ka a arden. 

coloured flowers in their school ga 


ill make İt 
Name and explain the cross that will peel 
possible (Delhi 20! 


i , a 
During a monohybrid cross involving: 
tall pea plant with a dwarf pea plant, aha 
offspring populations were tall = a j 

“ross to $ 10 
‘qual ratio. Work out a cross to Show 
et (AI 2015) 


is possible. 


a monohybrid cross 


The F, progeny of : 
2 progeny atio as 


showed phenotypic and genotypic r ae 
1: 2:1, unlike that of Mendel’s monohy 
E, ratio. With the help of a suitable examp' 


work out a cross and explain how it is 
possible. (AI 2015) 


(a) Write the conclusions Mendel arrived 
at on dominance of traits on the basis of 
monohybrid crosses that he carried out in 
pea plants. 

(b) Explain why a recessive allele is unable 


to express itself in a heterozygous state. 
(Foreign 2014) 


Explain polygenic inheritance with the help 
of a suitable example. (Delhi 2014C) 


In pea plants, the colour of the flower is 
either violet or white whereas human skin 
colour shows many gradations. Explain 
giving reasons howiit is possible. 

(Delhi 2013C) 


Human population. shown variations in 
blood groups. Explain the genetic basis for 
this variation seen in the population. 


(AI 2013C) 


Explain the mechanism of inheritance of the 
progeny produced when two Antirrhinum 
plants bearing pink flowers were crossed. 


(AI 2012) 
(a) Explain the phenomena of multiple 


allelism and co-dominance taking ABO 
blood group as an example. 


(b) What is the phenotype of the following? 
G) i 

(ii) ii (AI 2012) 
(a) 


Explain a monohybrid cross taking seed 
coat colour as a trait in Pisum sativum, Work 
out the cross upto F, generation. 
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laws of inheritance Mat canh, 
f such a cross. (3/3, AT 2012) 


be found only wh 

, eles can » $ N 
«Multiple © udies are made, Mapin With 
opole" fan example in humans. 
the help O (Delhi 20120) 
dominance 
are A ninance patterns of inheritan è 
lete i each other? (Delhi 29), 
t 


) 

th purple flowers WAS Crogg¢ 

ea plant Wes producing 50 plants With 
e flowers: On selfing, these Plant, 
only purp 82 plants with purple flower, 


and 162 W! for these results 


. ts 
mechanism accoun 


Explain. (Delhi 2011) 


a plants were selfed, Some of the 
When te Ee dwarf. Explain with the hel 
ot Krunt square. (Delhi 201 IC) 


—. 


(a) What is polygenic inheritance? Explain 
with the help of a suitable example. 


(b) How are pleiotropic inheritance 
different form polygenic pattern of 
inheritance? (AI 2015) 
(a) How are Mendelian inheritance, 
polygenic inheritance and  pleiotropy 


different from each other? 
(b) Explain polygenic inheritance pattern 
with the help of a suitable example. 

(AI 2015) 


(a) State and explain the law of dominance 
as proposed by Mendel. 


(b) How would phenotypes of monohybrid 
F; and F, progeny showing incomplete 
dominance in snapdragon and co-dominance 
in human blood group be different from 
Mendelian monohybrid F, and F, progeny? 


Explain. (Foreign 2015) 


ng true breeding 
true breeding white 
plants the F, progeny 
he parental traits, while 
2 progenies. Explain the 
unnett square. 

plain Polygenic inheritance with the 


an 
example, (Foreign 2015) 


(a) During a cross involvi 
red flowered and 


lowered snapdragon 
did not show any of t 
they reappeared in F 
mechanism using P 
(b) Ex 
help of 
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glos of Inheritance and Variation 


How do ü Pleiotropy” 
‘ An CoO- Í ” 
ominan ee, e mlking and “Polygeni 
‘ C evia y hic 
nheritan alee : [rom the observati 
de by Mendel? Explain with the he yi 
ple for each, yelp of 


Mcomplete 


ma 
one exam (Delhi 2015C) 
A couple with blood givin i 5C) 
espectivelY have a child with What h B 
my Work out a cross to show Seer nic 
ossible and the probable blood groups y i 
can be expected in their other off-springs vat 
Explain the genetic basis of ble | 
groups in human population, (AJ 201 5C) 


work out a monohybrid cross upto PF 
eneration between two pea plants and awe 
Antirrhinum plants both having contrastit i 
traits with respect to colour of one 
Comment on the pattern of inheritance in the 


crosses carried above. (Al 2014C) 


(a) Differentiate between dominance and 
co-dominance. 

(b) Explain co-dominance taking an 
example of human blood groups in the 
population. (AI 2013) 


Differentiate between the following: 

(a) Polygenic inheritance and pleiotropy. 
(b) Duminance, co-dominance and 
incomplete dominance. (AI 2013C) 


What is the inheritance pattern observed in 
the size of starch grains,and seed shape of 
Pisum sativum? Workout the monohybrid 
cross showingsthe aboye traits. How does 
this pattern of inheritance deviate from that 


of Mendelian law of dominance? 
(Delhi 2012) 


(a) List the three different allelic forms 
of gene ‘T in humans. Explain the different 
phenotypic expressions, controlled by these 
three forms. 
(b) A woman with blood group ‘A’ marries 
a man with blood group ‘O. Discuss the 
possibilities of the inheritance of the blood 
groups in the following starting with “yes” OF 
“no” for each : 
(i) They produce children wi 
group “A” only. 
(ii) They produce c 
blood group and some wi 


group. 


th blood 


hildren some with “O” 
th “A” blood 


(Delhi 2012) 
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(a) Work out a cross upto F, peneration 
between two pure breed pea plants, one 
bearing violet flowers and the other white 
flowers 

(b) (i) Name this type of cross. 

(ii) State the different laws of Mendel that 


can be derived from such a cross. 
(Al 2012C) 


State and explain with the help of a cross, the 


law of segrepation as proposed by Mendel 
(AJ 2012C) 


(a) Explain the gertetic basis of ABO - 
blood groups in human population. 

(b) How do ABO blood, groups explain 
the phenomenon of dominance and co- 
dominance? (Al 2012C) 


Pea seeds. with BB alleles have round seeds 
anid large starch grains, while seeds with bb 
alleles have wrinkled seeds with small starch 
grains. Work out the cross between these two 
parents. Explain the phenotypic ratio of the 
progeny with respect to seed shape and the 


starch grain size of the progeny produced. 
(AI 2012C) 


(a) Explain multiple allelism in humans 
with the help of a suitable example. 
(b) Multiple alleles can be found only when 


population studies are made. Justify. 
(Delhi 2011C) 


Describe the mechanism of pattern of 


inheritance of ABO blood groups in humans. 
(AI 2011C) 


When a garden pea plant with violet flowers 
was crossed with another plant with white 
flowers, 50% of the progeny bore violet 
flowers. 

(a) Workout the cross. 

(b) Name the type of cross and mention its 
significance. 

(c) How does the inheritance pattern of 


flower colour in snapdragon differ from the 


above? (Delhi 2010C) 


When a garden pea plant with green pods 
was cross pollinated with another plant with 
yellow pods, 50% of the progeny bore green 
pods. 

(a) Work out the cross to illustrate this. 

(b) How do you refer to this type of cross? 
Why is such a cross done? (Al 2010C) 
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9.3 


Inheritance pattern of flower colour in garden 
pea plant and snapdragon differs. Why is this 
difference observed? Explain showing the 


crosses upto F, generation, (Delhi 2009) 


You are given a red tlower-bearing pea plant 
and a red flower bearing snapdragon plant. 
How would you find the genotypes ot these 
two plants with respect to the colour ol the 
flower? Explain with the help of crosses. 
Comment upon the pattern of inheritance 
seen in these two plants. (Delhi 2009) 


A particular garden pea plant produces only 
violet flowers. 

(a) It is homozygous dominant for the trait 
or heterozygous? 

(b) How would you ensure its genotype! 
Explain with the help of crosses. (AI 2009) 


With the help of one example each provide 
genetic explanation for the following 
observations : 

(a) F, - generation resembles one of two 
parents. 


(b) F, - generation resembles both the 
parents. (Delhi 2009C) 


Inheritance of Two Genes 
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74. 
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UN 


Name the stage of cell division where 
segregation of an independent pair of 
chromosome occurs. (AI 2014) 


A garden pea plant produced axial white 
flowers Another of the same species 
produced terminal violet flowers. Identify 
the dominant traits. (Delhi, AI 2012) 


In a dihybrid cross, when would the 
proportion of parental gene combinations 
be much higher than non-parental types, as 
experimentally shown by Morgan and his 
group? | (AI 2012) 


FSAI | (2 marks) 


Ifa 


How would you find genotype of a tall pea 
plant bearing white flowers ? Explain with 
the help of a cross. Name the type of cross 
you would use. (Delhi 2016) 
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rakage ane i i 
Linkage „ofeach other. Justify with thehar 
alternative (AI hp 
of an example: 014 
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study the figures & F the 
Cross A 


question. 
Q Faf 
y w a 


camo qa) 
~~ . 
Yellow white Wild type 
Cross B 


w m "u mt 
(Parental) 
nta 
cE qm) 
w m 
White, miniature Wild type 


Identify in which of the given crosses, the 
strength of linkage between the genes iş 
higher. Give reasons in support of your 
answer. (Foreign 2014) 


How is the phenotypic ratio of F, generation 
in a dihybrid cross is different from 
monohybrid cross? (2/5, AI 2012) 


In a dihybrid cross white eyed, yellow bodied 
female Drosophila crossed with red eyed, 
brown bodied male Drosophila produced 
in F, generation 1.3 percent recombinants 
and 98.7 percent progeny with parental type 
combinations. This observation of Morgan 
deviated from Mendelian F, phenotypic 
dihybrid ratio. Explain, giving reasons, 
Morgan's observations. (Foreign 2011) 


ESE 3 marks) 


Write the Mendelian F, phenotypic ratio in 
dihybrid cross, State the law that he propos¢ 

on the basis of this ratio. How is this 1a" 
different from the law of segregation? 


(3/5, Foreign 2015 
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sof inheritance and Varlatlon 


vende! published his work on inheritance 
f characters in 1865, but it remained 
“0 nised till 1900. Give three reasons 

delay in accepting his work. 
(Delhi 2014) 


unt 
for the 


lain with the help of a suitable example 
the inheritance of a trait where two different 
ominant alleles of a trait express themselves 

, yltaneously in the progeny. Name this 
kind of inheritance pattern. (Al 2014) 


Morgan carried out several dihybrid 
crosses in Drosophila and found F, - ratios 
deviated very significantly from the expected 
Mendelian ratio. Explain his findings with 
the help of one example. (Delhi 2014C) 
lantlet, symbol Y represent dominant 
yellow; symbol y, the recessive green; symbol 
R, the round seed shape and symbol r, the 
wrinkle seed shape. A typical Mendelian 
dihybrid cross was carried out in pea plants. 
write the genotypes of 

(a) Homozygous dominant 
parents 

(b) Gametes produced by both the parents 
(c) F; offspring 


(d) Gametes produced by F, offspring 
(AL2011C) 


In pea P 


and recessive 


How did Morgan explain linkage of genes? 
(3/5, AI 201 1C) 


During the studies on genes in Drosophila 
that were sex-linked, T.H. Morgan found 


F, population phenotypic ratios deviated 
from expected 9 : 3: 3: 1. Explain the 
(Delhi 2010) 


conclusion he arrived at. 
ts with yellow 


nknown. How 
f these plants? 


You are given tall pea plan 
seeds whose genotypes are u 
would you find the genotype O 


Explain with the help of cross. 
(3/5, AI 2009) 
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Explain the correlation between linkage 
and recombination with respect to genes as 
studied by them. 


(b) How did Sturtevant explain gene 
mapping while working with Morgan? 
(2018) 


State and explain the “law of independent 


assortment” in a typical Mendelian dihybrid 
cross. (Delhi 2017) 


Give a genetic explanation for the following 
cross. When a tall pea plant with rounds 
seeds was crossed with a dwarf pea plant 
with wrinkled seeds then all the individual 
of F, populations were tall with round seeds. 
However, selfing among F, population led to 
a 9:3:3:1 phenotypic ratio. (AI 2016) 


(a) Dihybrid cross between two garden pea 

plant one homozygous tall with round seeds 

and the other dwarf with wrinkled seeds was 

carried. 

(i) Write the genotype and phenotype of 
the F, progeny obtained fron. 

(ii) Give the different types of gametes oO! 
the F, progeny. 

(iii) Write the phenotypes and its ratios of 
the F, generation obtained in this cross 
along with the explanation provided by 
Mendel. 

(b) How were the observations of Fz 

progeny of dihybrid crosses in Drosophila 

by Morgan different from that of Mendel 

carried in pea plants? Explain giving 

reasons. (Delhi 2015C) 


A tall pea plant bearing violet flowers is given 
with its unknown genotypes. Explain by 
working out the crosses how would you find 
the correct genotypes with respect to the two 
traits mentioned only by “selfing” the given 


plants. (AI 2015C) 
A pea plant producing yellow coloured 
n with unknown 


and round seeds is give 
genotypes. Explain how you would find the 
correct genotypes ith respect 
to the two traits mentioned. Work out the 
cross and name it. (AI 2015C) 


Workout a typical 
and state the law t 


Mendelian dihybrid cross 


hat he derived from it. 
7 (AI 2014) 
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a plant 


i n eo ~aj a pe . 
100. A cross was carried out betwee seeds 


ellow 

heterozygous for round ere ord green 
with a pea plant having wrinki 
seeds. — | 
(a) Show the cross ina cer lace F 
(b) Write the phenotype of the | 
this cross | 

7 — 
(c) What is this cross known 


s yg such a cr 
purpose of conducting (Foreign 201 1) 


> State the 


a plant 
for 


101. (a) Work out cross between a perdi 
bearing violet flowers (heterozyg 5 iite 
both) with a dwarf pea plant HAVINA ytypes 
flowers. Write the genotypes and phe noty 
of the progeny along with their ratios. its 
(b) Name such a cross and state IN 


(Delhi 2014C) 


importance. 


102. (a) Explain Mendels law of independent 
assortment by taking a suitable example. | 
(b) How did Morgan show the deviation 
in inheritance pattern in Drosophila with 
respect to this law? (ALZ013) 


103. Using Punnett square show the Fgresults of 
a dihybrid cross where the pure bred parents 
have contrasting traits with reference to seed 
shape and seed colour ifn Pisum, sativum. 
Give the phenotypic ratio, à (Delhi 2013C) 


104. Using Punnett square show the results of 
F, generation ofdihybrid\ cross where the 
parents have dOntrastihg traits with reference 
to podseplourh and seed shape in Pisum 
sativum. Give the)phenotypic ratio. 

(AI 2013C) 


Aygarden pea plant bearing terminal, 
violet flawers, when crossed with another pea 
plant bearing axial, violet flowers, produced 


anual, violet flowers and axial, white 
in the ratio of 3:1 


105. (a) 


flowers 


Vork out the cross showing the 
the parent pea plants and their progeny. 
(b) Name and state the law that can be 
derived from this cross and 
monohybrid cross. 


106.(a) A 
plant w 
as domi 
recessiv 


genotypes of 


not from a 
(Delhi 2012C) 


true breeding homozygous 


ith green pods and axial flo 
nant characters, js c 


e homozygous pea pl 


pea 
wers 
rossed with a 


ant with yellow 


108. State 


109. A male 


113. Identify the corre 


SAT | (2 Marks) 


114. Diffe 


ninal flowers. Work out y 
ter! 


tion respectively, 
pto F3 ? Mendelian principle which 
d from such a cross and No 
st ohybrid cross. Al 2011) 
( 


he law of independent assortmen 
State t ett square demonstrate th 
, Punn assortment in a dihybrig 
heterozygous parents, 
(AI 2010) 


5.4 Sex Determination 


sas (mark) ~ a 


hé fate of a pair of autosomes durin 
the 


Delhi 
gamete formation. (Delhi 2017 


honeybee has 16 chromosome; 
female has 32 chromosomes 


whereas its (AI 2016) 


Give one reason. 


10. How many chromosomes do drones of 
110. 


honeybee possess? Name the type of cell 
division involved in the production of 


ems ie (AI 2015) 


111. Identify and write the correct statement: 


(a) Drosophila male has one X and one Y 
chromosome. 


(b) Drosophila male has two X chromosomes. 
(AI 2014) 


112. Identify and write the correct statement - 


(a) In grasshopper males two sex chromo- 
somes are X and Y types. 


(b) In grasshopper males there exist XO 
type of sex - determinants. (AI 2014) 


ct statement. 

(a) Female of many birds has a pair of 
dissimilar ZW chromosomes, While the males 
possess a pair Of similar ZZ 
(b) Female ofm 
az chromosome 
Pair of dissimilar 


chromosomes. 
any birds has a pair of similar 
S, While the 


males possess 4 
ZW chrom 


OSOMes. 
(AI 2014C) 


rentiate 


betwe 
heterogamety 


en male and female 





F naples of Inheritance and Variation 
explain mechanism of Sex-determinat 
On in 


jl , ds 
rds. 
bi (Delhi 2015) 


-ferentiate bet trye» 
jl oN terminati ween ZZ and ‘Xy’ type of 
ppo: on mechanisms. : 


(Delhi 2015) 


write the types of sex d 

. . , -determi ; 
mechanisms the following a a 
Give an example of each type s show. 
(a) Female XX with male XO 


(b) Female ZW with male ZZ. 


(Delhi 2014) 
j hy it is scienti A 
18. gxplain why cientifically incor 
blame the mother for bearing female he 
(Delhi 2013C) 
119. Do you agree to the perception in our society 


that the woman Is responsibile for the gender 
substantiate your answer scientifically | 


(2/5, AI 2011C) 


Eg o marks o oo 


120. Explain the mechanism of ‘sex determination’ 
in birds. How does it differ from that of 
human beings? (2018) 





121. (a) Why are grasshopper and Drosophila 
said to show male heterogamety? Explain. 
(b) Explain female heterogamety with the 
help of an example. (AI 2010) 


122. Explain the sex determination mechanism in 


humans. How is it different in birds? 
(Al 2010) 


123. Explain the mechanism of sex determination 


in insects like Drosophila and grasshopper. 
(AI 2010) 


(5 marks) 


124. (a) How is sex determined in humans ? 


(b) How does it differ from 


determination in birds and honey bees ? 
(Delhi 2014C) 


sex 


125. (a) Explain the mechanism of sex- 


determination in humans. 


(b) Differentiate between 7 
heterogamety and female heterogamety wit 


the help of one example of each. (AI 2013) 


male 
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9.5 Mutation 
(1 mark) . 46 | 


126. Name the event during cell divison cycle that 
results in the gain or loss of chromosome. 


(Delhi 20111) 
(2 marks) 


127. The cell division involved in gamete 
formation is not of the same type in different 
organisms. Justify. (AI 2011) 


5.6 Genetic Disorders 
IG mark) _ : te 





128. Give an example of a human disorder that is 


caused dué to a single gene mutation. 
(AI 2016) 


129. State the chromosomal defect in individuals 
with Turner’s syndrome. (Delhi 2015C) 


130. Write the chromosomal defect in individuals 


affected with Klinefelter’s syndrome. 
(AI 2015C) 


131. Why do normal red blood cells become 
elongated sickle shaped structures in a 


person suffering from sickle cell anaemia? 
(Foreign 2014) 


132. Name one autosomal dominant and one 


autosomal recessive Mendelian disorder in 
human. (Delhi 2010) 


133. Write the genotype of (a) an individual who 
is carrier of sickle cell anaemia gene but 
apparently unaffected, and (b) an individual 
affected with the disease. (AI 2010) 


134. A human being suffering from Downs 
syndrome shows trisomy of 21 ‘chromosome. 
Mention the cause of this chromosomal 
abnormality. (AI 2010) 


135. The son of a haemophilic man may not get 
this genetic disorder. Mention the reason. 
(Delhi 2010C) 


136. Write the cause of Downs syndrome? in 


humans. (AI 2010C) 


137. A haemophilic son was born to normal 


parents. Give the genotypes of the parents. 
(Delhi 2009C) 














be 
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SAIS (2 marks) 


138. Why is the possibility of a human female 


suffering from haemophilia rare ? Explain. 
(Foreign 2014) 


139. 


This is the pedigree of a family tracing the 


f ` ilia. 
movement of the gene for haemophili 


Explain the pattern of inheritance of the 
disease in the family. (Delhi 2013C) 
140. A relevant portion of B - chain of 


haemoglobin of a normal human is given 
below : 
SOOQHOGE 

The codon for sixth amino acid is;GAG. The 
sixth codon GAG mutates to GAA as aresult 
of mutation ‘A’ and into GUG as a result of 
mutation ‘B. Haemoglobin structure did not 
change as a result of mutation ‘A whereas 
haemoglobin. structure changed because of 
mutation ‘B’ leading to sickle shaped RBCs. 
Explain giving reasons how could mutation 
‘B’ change»the haemoglobin structure and 
not mutation A: (AI 2011) 


141. Why is haemophilia generally observed in 
human males? 
Explain the conditions under which a human 
female can be haemophilic. (2/5, AI 2011C) 


BENT (3 marks) 


142. During a medical investigation, an infant 
was found to possess an extra chromosome 
21. Describe the symptoms the child is likely 
to develop later in the life. (Delhi 2017) 


143. Both haemophilia and thalassemia are blood 
related disorders in humans. Write their 
causes and the difference between the two. 
Name the category of genetic disorder they 
both come under. (AI 2017) 


-! > a 
144. Give 


145. A 


146. 


147. 


148. 


149. 


150. 


I2 GDO! a 7 “= > 


imple of an autosomal Fees 
onmaris Explain pattern : 
trait in with the help of a cross, 
nheritane (Delhj 201, 


ith normal vision bear 
: ita Cros . 
lind child. Work o! , g sho, 
colour? esible and mention the sex of, 
. yt h 


ak (Delhi 29), 


couple 


how it is PC 
affected child. 


. the kind of diseases/disorg 
(a) pone rin humans if 
at are H! 
that ar 


i) mutati 
enzyme P 
(ji) there is a 

21 
(iii) the 
(b) Mention 


diseases/disor 


Ch) 
kely tO occu 
offence gene that codes for , 


, n 
henylalanine hydrolase Occyp, 


n extra COPY of chromoson, 


karyotype İS XXY. 
any one symptom of the 
ders named above. 
(Foreign 2015) 


Which chromosomes carry Oe seen genes 
causing thalassemia 1n humans! What ar 
the problems caused by these mutant genes? 

(Delhi 2015C) 


If there is a history of haemophilia in 

the family, the chances of male members 

becoming haemophilic are more than that of 

the female. 

(a) Why is it so? 

(b) Write the symptoms of the disease. 
(AI 2015C) 


A colourblind child is born to a norma 

couple. Work out a cross to show how iti 

possible. Mention the sex of this child. 
(Delhi 2014 


A cross between a normal couple resulte 
in a son who was haemophilic and a norm 
daughter. In course of time, when tl 
daughter was married to a normal ma 
to their surprise, the grandson was al 
haemophilic. 

(a) Represent this cross in the form 0! 
pedigree chart. Give the genotypes of t 
daughter and her husband. 

P) NEEE Me non pou de 

ern of this disease. 


(Delhi 20 


so Inheritance and Variation 
oP | | 
ay is pedigree analysis don 
sh ‘hua genetics? State the 
0 wn from it. 
an be dra 


e in the Study 
Conclusions that 

(AIl 2014) 
b, c, a, e and ‘f’ in the table 























dentify a, 


Charact- 
eristics of 
affected 
individuals 





(AI 2014) 
63, Why is haemophilia rare in human females? 
Mention a clinical symptom for the disease. 


(AI 2014) 

54. Name a blood related autosomal Mendelian 
disorder. Why is it called Mendelian 
disorder? How is the disorder tansmitted 
from parents to offsprings? (AT 2014C) 


155. Why are human females rarely haemophilic? 
Explain. How do haemophilic patients 
suffer? (AI 2013) 

156. Given below is the representation of amino 

acid composition of the relevant translated 

portion of §-chain of haemoglobin, related 
to the shape of human red blood cells. 


we CIC... 
Gene... GAG... 





mRNA...GAG... 


VOOHOE 


HbA peptide 
(a) Is this representation indicating a normal 
human or a sufferer from certain related 


genetic disease? Give reason in support of 
your answer. 






157. 


158. 


159, 


160. 


161. 


162. 


163. 


164. 


Generation 
I 
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(b) What difference would be noticed in 
the phenotype of the normal and the sufferer 
related to this gene? 

(c) Who are likely to suffer more from the 
defect related to the gene represented the 
males, the females or both males and females 
equally? And why? (Delhi 2012) 


Why is it that the father never passes the 
gene for haemophilia to his sons? Explain. 
(AI 2012) 


(a) Sickle celled anaemia in humans is a 
result of point mutation, Explain. 


(b) Write the genotypes of both the parents 
who have produced a sickle celled anaemic 
offspring. (Delhi 2011) 


Name a disorder, give the karyotype and 
write the symptoms a human suffers from asa 
result of monosomy of the sex chromosome. 

(Foreign 2011) 


Name a disorder, give the karyotype and 

write the symptoms a human suffer from as a 

result of an additional X-chromosome. 
(Foreign 2011) 


Name the genetic disorder caused by trisomy 
of 21° chromosome in humans. Write the 
diagnostic features of the disorder. 

(Delhi 2011C) 


Name the genetic disorder caused by an 
extra ‘X chromosome in a human male. 
State the diagnostic features of the individual 
suffering from it. (Delhi 2011C) 


(a) Name the genetic disorder in a human 
female having 44 + XO karyotype. Mention 
the diagnostic features of the disorder. 


(b) Explain the cause of such chromosomal 
disorder. (Delhi 2011C) 


Study the following pedigree chart of a 
family starting with mother with AB blood 
group and father with O blood group. 
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165. 


166. 


167. 


as 1 


as we 
(a) Mention the blood grouP pere in 
genotype of the offspring ! 


generation I]. ad 
(b) Write me ante ne tht ofispt 
well as their genotype ° Fon Il: 

red 2and 3in BERN (pel 20100) 


5 3 


spoup 
b ing 


numbe 


ven pedigree 
blood group !" 


Study the gi 
the pattern of 


family. 





A a 
(a) Give the genotype! of the following 


(i) parents 

(ii) the individual 
(b) State the possible blood 
individual ‘Y’ in third generation 
(c) How does the inheritance O° 
nance? 


ation 
f the 


in second gener 


od groups © 


f this blood 
group explain co-domi (Al 2010C) 
Haemophilia is sex linked recessive disorder 
of humans. The pedigree chart given below 
shows the inheritance of haemophilia in one 
family. Study*the pattern of inheritance and 


answer the questions given. 









13 14 15 


10 1] 12 
(a) Give all the possible genotypes of the 
members 4, 5 and 6 in the pedigree chart. 
(b) A blood test shows that the individual 
14 is a carrier of haemophilia. The member 
numbered 15 has recently married the 
member numbered 14. What is the 
probability that their first child will be a 
haemophilic male? (Delhi 2009) 


Recently a girl baby has been reported to 
suffer from haemophilia. How is it possible? 
Explain with the help of across. (AI 2009) 


168. 





169. 


170. 


iv ks 


172. 


MHO 


k e. 
BY- [a] (A19 (1) ~ 
OT 3 f A] P 
© [i] WANG 
Y 10) Y T "A i 
study the pecIgåTec chart Rive, 


` 


howing the inheritance Patter, | 
S £ 


yroup> in a family and answer th Of | 
L | en 


question 

(a) Give the possible genotyp, 

“iai Is | ind 2. Pres 
¡ndividua í 

(b) Whichga@imtigen OF antigen, 


t an the plasma membra, 
dividuals 5 and 9? 


enotypes of the 


resen be À : 
RBCs OAN 

: Wen tiers 
(c) C31 WE è Indy. 


3 and 4. (4) h 


(5 marks) 


(a) Why are colourblindnes 
thalassemia categorised as Mey 
disorders? Write the symptoms a 
diseases Seen in people suffering Rih 
(b) About 8% of human male Wty, 
suffers from colourblindness whereas. 
about 0.4% of human female ca, 
suffers from this disease. Write an expla, 
to show how it is possible. a 


Write the type and location of the» 
causing thalassemia in humans. State 
cause and symptoms of the disease 
is sickle cell anaemia different from 
disease? (Foreign? 
A child suffering from thalassemia ist 
to a normal couple. But the mother is ba 
blamed by the family for delivering i 
baby. 

(a) What is thalassemia ¢ 

(b) How would you counsel the fami 
to blame the mother for delivering ?“ 
suffering from this disease? Explain. 
(c) List the values your counsellitt: 
propagate in the families. (Det 
orised ; 


Why is thalassemia categ 
he sit 


Mendelian disorder ? Write ! 
and explain the cause of the dises 
does it differ from sickle ce! rf 

(Al? 





1, Living beings with shorter life cycles are 
preferred by geneticists for studying variations and 
patterns of inheritance because such organisms 
complete their life cycle in short duration and 
produce large number of progenies in less time 
span e.g., pea plant used in Mendel’s experiments. 


2. Seed traits studied by Mendel in pea plant were: 


(i) Seed shape - Smooth/Round (R) 
Wrinkled (r) 
(ii) Seed (cotyledon) - Yellow (Y) 
colour Green (y) 


3. Inflated and green colour pod are dominant 
traits over constricted and yellow colour pod 
which are recessive traits. 


4. Traits related to pod studied by Mendel were 
pod shape and pod colour. Inflated (1) shaped 
and green coloured (G) pod were dominant traits 
while constricted (i) pod and yellow coloured (g) 
pod were recessive traits. 

5. Traits related to flower studied by Mendel 
were flower colour [violet/red (V or R) dominant 
over white (v or r)] and flower position [Axial (A) 
dominant over terminal (a)]. 


6. To find the genotype of a pea plant bearing 
violet flowers, test cross must be performed. 


7. Differences between a gene and an allele are 


is- =a ai ia 











An allele is one of 
the forms in which 
a gene can exist. 
Normally there are 
two alleles fora given 
gene that are located 
at the same locus 
in the homologous 
chromosomes. 


A gene is the unit 
of DNA responsible 
for the appearance 
and inheritance ofa 
character. 











































It refers to specific 
variation of a gene 
e.g., blue eyes, green 
eyes, blood group A, 
blood group B etc. 


It refers to section of 
DNA that controls 
certain traits €g., 
eye colour, blood 
group type, skin 


colour, etc. 





8. The skin colour of human is controlled by 
three genes where the dominant alleles have 
cumulative effect. Each dominant allele expresses 
a part or unit of the trait (skin colour). Such type 
of genes are called polygenes and their inheritance 
is called as polygenic inheritance. So, the skin 
colour of human is a polygenic trait. 


9. Three types of phenotypes are obtained in a 
monohybrid cross exhibiting co-dominance. E.g., 
coat colour in cattle. In F, generation three types 


of phenotypes were obtained - red, roan and white 








<a 
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25% 50% 25% 
13. 50% of heterozygous tall pea plant is obtained 
in F, generation. Also refer to answer 12. 
14. Genotypes of the parent pe plas 
Homozygous dominant (violet £ VV) an 
homozygous recessive (white - vv). 
between “dominance and 


The effect of both 
the alleles is equally 
conspicuous. 


15. Differences 
co-dominance are: 


| | Dominance 
| (i) | The effect of 
| | dominant allele is 
| conspicuous, 
(ii) | Dominant 
produce its effect | produce their effect 


| evermin the presence | independently. 
of recessive allele. 







allele | Both the alleles 


16. Recessive allele, e.g., tt represents dwarf 
plant. 


17. To determine the genotype of a plant i.e 

whether the individual is exhibiting dominant 
character is homozygous or heterozygous, a test 
cross is carried out by a geneticist. The individual 
having dominant phenotype is crossed with its 
homozygous recessive parent. If heterozygous tall 
is crossed with homozygous recessive Parent, tall 
and dwarf will be produced, in equal Propo a 

while if homozygous tall is ty ann 
homozygous recessive, the upcoming pro ne 
will contain all tall plant, ons 


BEA) h 
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I frwhite € t tior 
form allele 10F ec muchas 15 alleles which an 
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WE yr À 


lete intermediate dominan 


over one another. 

20. Two contras 
tall and dwarf. In th 
progeny shows paren 
be a cross between 
homozygous recessive dwarf parent. 


ting characters of height ar 
e given CTIOss, if 50% of the 
tal characters, then it mug 
a heterozygous tall and; 


- 


(a) Parent: Tall Dwarf 


Genotype : Tt X tt 


Gametes : (TXt) 
T 


F, generation: t 


{.» 
DO 





Phenotypic ratio= Tall - Dwarf = 1:1 


21. ABO bl] e j 
gene I. The on groups are controlled by ™ 
Cells has e nen membrane of the red bloo 
surface, The 1: Povmers that protrude from | 
Bene I. The gene 1 7 SUBAr is controlled by ™ 


has three alleles 1^ Jë and t 


known as test cross. 





principles of Inheritance and Variation 


{he alleles I and I" produce a slightly different 
form of the sugar while allele i does not produce 
any sugar. Each person possesses any two of 
the three 7 gene alleles. 7^ and 1° are completely 
dominant over i When /^ and I" are present 
together they both express their own types of 
sugar because of codominance. Hence red blood 
cells have both A and B types of Sugars. Since 
there are three different alleles, there are six 
different combinations of these three alleles that 
are possible, and therefore, a total of six different 
genotypes are there in human ABO blood group. 


22. (a) When a cross is made between a red 
flowered plant with a white flowered plant of 
snapdragon, the F, hybrid has pink flowers. When 
the F, individual was self pollinated F, individuals 
were obtained bearing red, pink and white flowers 
in the ratio 1 : 2: 1. It is not a case of blending 
inheritance because the parental characters 
appear in the F, generation without any change. It 
is due to law of seggregation which states that the 
members of the allelic pair that remained together 
in the parent, segregate during gamete formation 
and only one factor enters a gamete. 

(b) In this neither of the two alleles of a gene is 
completely dominant over the other, hence the 
phenomenon is known as incomplete dominance. 


Parents : RR Ir 
(Red) (White) 


Gametes : 
Rr 


F, generation: 





F, generation : 
Genotype : 1RR:2Rr:1 WW 
Phenotype : 1 Red: 2 Pink: 1 White 


Fig.: Incomplete dominance is Antirrhinum 


23. In the ABO system, there are four blood 
groups A, B, AB and O. ABO blood groups are 
controlled by gene J. The gene J has three alleles Te 
I?” and i. This phenomenon is known as multiple 
allelism. 7^ and IË are completely dominant over 
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i. When F^ and I” are present together they both 
express themselves and produce blood group AB 
This phenomenon is known as codominance. 


24. The ability of a gene to have multiple 
phenotypic effect because it influences a number of 
characters simultaneously is known as pleiotropy, 
The gene having a multiple phenotypic eflect 
because of its ability to control expression of two 
or more characters is called pleiotropic gene. For 
example, in cotton a gene for the lint also influences 
the height of plant, size of the boll, number of ovules 
and viability of seeds. 


25. Tall plants may either have genotype YT or Tt 
Two tall pea plants that produce some dwart plants 
among their progenies must be heterozygous 
with the genotypé Tt, because TT plants cannot 
produce dwarf offsprings as they lack the allele for 
dwarfness (t) and hence cannot transfer it to the 
progeny. Besides, both of them should have a ‘t 
allele as dwarfness is expressed in homozygous (tt) 
condition only. It can be expressed using Punnett 
square as follows: 





26. Refer to answer 22. 


27. Monohybrid cross is the cross that considers 
only one trait, e.g., cross of a yellow seeded pea 
plant with green seeded pea plant. If pea plant 
with yellow seed coat is crossed with pea plant 
having green seed coat then in the F, generation 
all the plants will produce yellow seeds. On selfing 
F, generation will be as shown below: 


P generation Yellow seed coat X Green seed coat 
(GG) (ge) 


4 
Gametes (G) (g) 


© 


Yellow seed coat 


J Selfing 
G g 


F, generation G 
8 


Phenotypic ratio : Yellow : Green 
3 £4 
GG : Gg: gg 
L @¢2:] 


F, generation 


Genotypic ratio : 
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28. Test cross IS a cross used to identity whether 
an individual is homozygous or heterozygous for 
dominant character. The individual is crosses 
with homozygous recessive parent for the tratt 
being investigated, 

Tall plant could have two possible penotypes 
and Tt 

Case J: Tall (homozygous) pea plant crossed 
with dwarf pea plant : 


Parent: Tt 


x tt 


Gametes : 


Progeny : 





It plant produces tall plants as offspring, then the 

genotype of plant is TT ie., homozygous tall plant. 

Case II : Tall (heterozygous) pea plant is crossed 

with dwart pea plant. 

Homozygous recessive 
Tt tt 

Gametes O A (1) 


>< 


Parents F, hybrid x 


Test cross Tt tt 
progeny (Tall) (Dwarf) 
50% 50% 


If plant produces both tall and dwarf plants in 
the ratio of 1 : 1 then genotype of plant is TT, i.e., 
heterozygous tall pea plant. 


29. Parents Ml =x Dwarf 
Genotype : TT tt 
Gametes : OL Æ 
NE Tt 
Selfing 


Oo 


T 
T 
Il 
t 


T 
Ta 
i 








Tt 
Tall 
tt 


Tall Dwarf 








Fraction of heterozygous tall plants in Fa A 
This can be explained by law of segregation which 
states that the members of the allelic pair that 
remained together in the parent, segregate during 
gamete formation and only one factor enters : 
gamete. 


T 
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somewhat intermediate between the two parenta] 


forms of a trait. 

34. Refer to answe 
35. (a) A - Tt 

a TI 
= Ti 

— tt 

Tall 
— Tall 
- Tall 
— Dwarf 


rae 


Gs 
Jaw» Jaw 
| 


(c) Phenotypic ratio is 3 : 1; Tall : Dwarf 
(d) Genotypic ratio of progeny is 


TT Tt tt 
l : 2 : l 
Homozygous : Heterozygous : Dwarf 
tall tall 


36. Refer to answer 28. 


M nde a of pea plant that whether 
homozygou a Tor purple coloured flowers is 
by test z ov heterozygous, can be determined 
plant is a Purple coloured flowers in per 
homozygous ee trait. If the individual i$ 
be 100% d ominant, then all offsprings will 
individual a In case of heterozygous 
30% recessive aa will be 50% dominant and 
When plant is bg 's can be explained as follows: 
MOZygous dominant. 


principles of Inheritance and Variation 


parents : WW 
Purple flowers 
(Pure dominant) 


X 

WW 
White flowers 
(Pure rei essive) 






All purple cain - 
Al purple coloured fea 


when plant ts heterozygous dominant 


Parents Ww X 
(Heteroryqous (H WW 
i AIA AN Ay 
dominant) VMOZyqgous 
P recessive) 
Pa 
Le ff a 
Gametes : O) @) 
in w 
F 





38. Refer to answer 20. 


39, The phenotypic and genotypic ratio of D: 2): 1 
in F, progeny of a monohybrid)cross is seen in 
incomplete dominance. Incomplete dominance is 
the phenomenon where dominant allele does not 
completely express itself. This phenomenon has 
been observed in flowér colour of Mirabilis jalapa 
or four O’ clock/planté“The phenotypic as well 
as genotypic monohybrid ratio in F, generation 
in incomplete domimamice is 1 : 2: 1 ie., pure 
dominant : hybrid : pure recessive. F, generation 
expresses a phenotype which is intermediate 
between those of the parent. 


Parents ° 


(Red) RR x rr (White) 


J y 


Gametes : ® © 


F, generation : Rr (Pink) 
i} Selfing 
d R í 
F> generation : Q R FRR | R 
[R 
Red ; Pink : White 
122 4 1 


Phenotypic ratio : 


113 
When a cross Is made between a eq N 
plant and a white flowered plant ot iwered 


ire | 
: ad has pi rs. Wien is 
jalapa, the F; hybrid has pink flowers. When yi 


P, individual was self pollinated, F, individua, 


were obtained bearing red, pink and white flowers 
in the ratlo 1:2: 1. 


40. (a) Whenever Mendel carried out a cross 

between plants for a contrasting trait he found 

that only one trait out of the two appears in the F, 

generation, He concluded that the trait which is 

expressed in F} is dominant while the one which 

remains hidden is recessivegifile also said that 

characters are controlled by discrete unit called 

factors which occur in pair 

(b) In a diploid orgasm, there are two copies 

of each gene, i.e,, pair of alleles. These two alleles 

are not always identical, a5 in a heterozygote. One 
of them may be modified due to mutation. The 
unmodified functional allele that represents the 
original phenotype behaves as dominant allele 
and codes for functional protein. The mutated 
fon-functional allele behaves as recessive allele 
and codes for mutant or non-functional protein. 
The phenotype of the organism will only be 
dependent on the functioning of the unmodified 
allele. Hence, in a heterozygote, the dominant 
allele will express itself whereas recessive allele 
will remain hidden. 

41. Refer to answer 8. 


42. Flower colour in pea plant is a case of 
Mendelian inheritance where only one of the 
parental trait appears at F,. The contrasting trait 
did not show any blending. Human skin colour 
is an example of polygenic inheritance. The 
inheritance is controlled by three genes in which 
the dominant alleles have cumulative effect with 


each dominant allele expressing a part or unit of 
the trait. 


43. ABO blood groups are controlled by gene 
I. ‘the gene I has three alleles 1^, I? and i. This 
phenomenon is known as multiple allelism. 


‘The blood groups and their possible genotypes are 
given below in the table : 


Blood group! Genotypes (possible) 





ond A SYST Ve eas oe 





al 


D T E 


0 eo” —©6 UO 
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44. Ro 
Refer to answer 22 


4 
- (a) i Refer to answer 23. 

) (i) Pi blood group A, (ii) ii - blood group O 
46. (a) Refer fo answer 27. 


(b) Law of dominance and law of segregation can 
be derived from such a cross. 


47. Human population is characterised by the 
presence of different blood groups although this 
trait is controlled by a single gene which indicates 
that more than two alleles of the gene are involved 
in the inheritance of this trait ie. multiple 
allelism. Since, an individual contains only two 
alleles of a gene, therefore to study multiple 
allelism, population survey is required. 

The gene involved in the inheritance of human 
blood group possesses four alleles which are 
present in different combinations that results in 
six genotypes and four phenotypes. 


48. In dominance, F, is similar to the dominant 
parent, phenotypic ratio is different from 
genotypic ratio. In incomplete dominance, 
F, is different from either of the two parents. 
Phenotypic and genotypic ratios»are the same. 
In codominance, the effect of both the alleles is 


equally conspicuous. Both»the alleles produce 
their effect independently. 


49. In pea plant purple colour is dominant over 
the white colour. The cross between the two can 
be shown as below : 


Parents Purple flower x White flower 
Genotype PP PP 
Gametes 


©) 


F] 


Purple flower 
Selfing | 





Purple flower : White flower 
3 : l 
Mendel's law of dominance and law of seggregation 
can be derived from this cross. Law of dominance 
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hen individuals differing in , 7 

at W oer = by. 
states tha , characters are crossed, the Char, 
contrasting in the F, hybrid is dominant ov. 


S l , Wera 
that Ea that remain hidden. Pring... @ 
alternate 


on states that, “when a pair Of cont, è , 
ene are brought together in a huò 
do not blend or mix up but tin ® 
these factors selves and remain tOgether ki 
associate ne a of gamete formation” ian 
separate al te during gamete formation ân * 
a SOE oh is restored by random fysj È 
ired C i. P 
etes during fertilisation. | 
50. Refer to answer 25. , 
er toanswer ò. 
s ia E. inheritance is a type of nherita, i 
controled Wage oF more genes in which N 
‘nant alleles have cumulative effect wi 
He Rina allele expressing a Part or Un; 
of the trait, the full trait being shown only whe 
all the dominant alleles are present. Here a CT 
between two pure breeding parents does = 
produce dominant trait of one parent but instex 
an intermediate trait is exhibited. Similarly į 
F, generation apart from the two parental ty 
there are several intermediate types which link t 
two parental traits. E.g., kernel colour in whe 
cob length in maize, skin colour in human being 
etc. 
Pleiotropy is the ability of a gene to have multiy 
phenotypic effect because it influences a numb 
of characters simultaneously. Pleiotropy is d 
to effect of the gene on two or more inter-relat 
metabolic pathways that contribute to formati 
of different phenotypes. It is not essential that 
the traits are equally influenced. Sometimes | 
effect of a pleiotropic gene is more evident inc 
of one trait (major effect) and less evident inc 
of others (secondary effect). E. g. in cotton a g 
for the lint also influence the height of the pl: 


size of the boll, number of ovules and viabilit 
seeds. 


52. (a) Mendelian Inheritance : Mende 
inheritance js a type of inheritance contro 
by One or more genes in which only domit 
aan Was expressed in the F, genera 


ry = F, stage both the traits 
ed. e contr ti ; , é 
any blending à asting traits did no 


, t either F, or F, stage on 
b . l 2 Stag 
asis of this Mendel proposed three | 


principles of Inheritance ang Variation 


(i) Law of Dominance, 
and (iti) Law ot Independ 
Inheritance 


(ii i 

) Law of Segregation 

ent Assortment, 

pPolygeni 
a type of inheritance 

more genes in which the 


cumulative effect with 


> 

Polygenic inheritance 
controlled by one or 
dominant alleles have 


each dominant allel 
, í ele 
expressing a part or unit of the trait, the full trait 


» shown only when ; | 
being } n all the dominant alleles 
are present 


15 


pleiotropy: The ability of a gene to have multipl 
shenotypic eflect because it influencesa nambai ai 
characters simultaneously is known as pleiotropy 
pleiotropy is due to effect of the gene on Rail 
or more inter-related metabolic pathways that 
contribute to formation of different phenotypes 


(b) Human skin colour is an example of polygenic 
inheritance. Human skin colour is caused by 
pigment melanin, The quantity of melanin is due 
to three pairs of polygenes (A, B and C). If black 
or very dark (AABBCC) and white or very light 
(aabbcc) individuals marry, the offsprings or 
individuals of F, generation show intermediate 
colour often called mulatto (AaBbCc). When two 
such individuals of intermediate colour marry; 
the skin colour of the children will vary from very 
dark or black to very light or white. A total of eight 
allele combinations is possible in the gametes 
forming 27 distinct genotypes distributed into 
7 phenotypes-1 very dark, 6 dark, 15 fairly dark, 
20 intermediate, 15 fairly light, 6 light and 1 very 
light. 


53. (a) Law of dominance > According to this 
law, characters are controlled by discrete units 
called factors, which occur in pairs with one 
member of the pair dominating over the other 
dissimilar pair. This law explains expression of 
only one of the parental character in F, generation. 
This can be explained by the following cross : 


xX Green seed coat 


(gg) 


t 4 
Gametes (G) E 


© 


Yellow seed coat 


Yellow seed coat 
(GG) 


Parents 


F; generation 


In the given cross, the trait producing yellow seeds 
is dominant over the trait producing green seeds. 
In F, generation all offsprings showed yellow 
colour of seed (dominant character) and no green 
seeds plants were obtained. 


= Mendelian ` 
“o- dominance endciia 
So abi ee | inheritance 
F, Dominant trait Expressed | | = 
is incompletely phenotype is tral — 
expressed. combination of | comp? i 
two phenotypes | expressee’- 
and their 
alleles. | 
s Å 4 : 
F, | The F, The F, | F, pengen 
~ | generation of yeneration in | has 3: 
snapdragon Paran blood gao bei, 
flower consists | group may dominan 
of three types | have upto 4 trait: 
| | of flowers - phenotypes recessive 
) | red, pink and — ‘Aan AB | trait. 


| white in the 
| | ratio of 1:2:1. 


Í 
} 


| dùd ‘O With | | 
“blood group | 
| AB showing 

| codominance. | 


54. (a) Refer to answer 22. 

(b) oRefer to answer 52 (b). 

55. Mendel discovered of inheritance. 

According to law of dominance when two 

individuals of a species, differing in a pair of 
contrasting forms of a trait are crossed, the form of 
the trait that appears in the F, hybrid is dominant 

and the alternate form that remains hidden, is 

called recessive. 

Incomplete dominance and co-dominance are 

exception to this law. 

Incomplete dominance is the phenomenon where 
none of the two contrasting alleles or factors is 
dominant. The expression of the character in a 
hybrid or F, individual is intermediate or a fine 
mixture of the expression of the two factors, As 
seen in Mirabilis jalapa where when two types of 
plants having flower colour in pure state red and 
white are crossed, the hybrid or F, generation 
have pink flowers. 


laws 


Co-dominance is the phenomenon of expression 
ofboth the alleles in a heterozygote, i.e., both alleles 
are able to express themselves independently 
when present together, E.g., hair colour in cattle. 
When red cattle are crossed with white cattle, the 
hybrid of F, generation are of roan colour i.e., 
having a dark coat interspered with white hair. 
According to Mendel one gene control the expression 
of one character only. Pleiotropy is exception 
to this. The ability of a gene to have multiple 
phenotypic effect because it influences a number of 
characters simultaneously is known as pleiotropy. 
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heteroZYb A and Ba 
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Polygenic Inheritance is a type of inherit bo 
i ni by one or more genes in which the Therefore st pe? plant i tees 
dominant die have cumulative effect with each 57. Ip case Red flower © flowe, 
dominant allele expressing a part or unit of the parents RR rr 
trait, the full trait being shown only when all ber GenotyP* ow — 
dominant alleles are present. The genes involve Gametes Ri 
in quantitative inheritance are called polygenes P (Red flower) 
and inheritance called as polygenic inheritance. l Selfing| 
E.g., human skin colour. Human skin colour 1s 9 d R r 
caused by pigment called melanin. The quantity 
of melanin is due to three pairs of polygenes (A, R 
B and C). If black or very dark (AABBCC) and Rr 1 
white or very light (aabbcc) individuals marry, F, r | Red flower White flower 
the offspring show intermediate colour called 
mulatto (AaBbCc). When two such individuals of Genotype: RR : Rr : rr 
intermediate colour marry, the skin colour of the 1 « @ @¢ d 
children will vary from very dark or black to very nenotywe : Red : akite 
light or white. A total of eight allele combinations Phenotype : a 
is possible in the gametes forming»27. distinct a _ 
genotypes distributed into 7, phenotypes. In case of cian pla : 
56. (a) Parents Man x Woman Parents : (Red) ms (White) 
Genotype Fi Bj 
Gametes AO AO Gametes : ~’ A 
Genotype i i Fy il 
Blood group AB A B O 
Parents must be heterozygous since blood group F | generation : ick) 


O appears in progeny, The progeny can have all 
the four blood groups A, B, AB and O. There are 
three alleles of the gene controlling blood group 
character, i.e., 1^, I? and i. I and I? are dominant 
0 er / and together they are codominant to each 


er. 
(b) ABO blood groups are controlled by the gene 
I (also called L) located on 9" chromosome that 


Selfing 
Oo 


R r 
i 
Red flower Pink flower 
Rr rr 







F 





F, generation : 





‘at has 3 multiple alleles, out of which any two are Genotype: RR Rr : rr 
found in a person. These groups show Mendelian 1: & < | 
inheritance (Bernstein, 1924). The 1^ and 7” alleles Phenotype: Red: Pink ; White 


produce enzyme called glycosyltransferase 
ie the synthesis of sugars. The sugars are attache 
lipids and produce glycolipids. These 


for l ; 2 
dia The inheritance 


glycolipids Pea plant is an 


l 
Pattern of flower colour in garde? 






er rae ; a exa ih Re 
Bua mem iatadiate mn membrane of RBC to form Whereas Inheritan Mple of complete dominant 
Pha Se SSS recs S Allelle i does not produce in Antirrhinum : © pattern of flower colou 
HUgen. ; 1S 
ota dominance. an example of incomplet 





principles of Inheritance and Variation 


. (a) Differences between dominance and 
g-dominance are: 
. - 5 


- 
~ = 


e Dominance | Co-dominance 
p, is similar to the 
dominant parent. 


Fas different from 
either of the two 
parents 


(i) 
Gi) In F hybrid, the 
dominant trant 
is completely 


In}, hybird, 

both the alleles 
express themselves 
independently, 


expressed, 


(b) Codominance is a phenomenon in which 
alleles do not show  dominance-recessive 
relationship and are able to express themselves 
independently when present together, In human 
blood groups both the alleles 7' and I” are 
codominant as both of them are able to express 
ives in the presence of each other in blood 


thems¢ TE. i 
group AB (7 7°) by forming antigens A and B. 
cg, (a) Refer to answer 51 (b). 


(b) Refer to answer 55. 
60. The starch synthesis in pea plants is controlled 
by a single gene. It has two alleles B and 
Homozygous for BB produced large starch grat 
as compared to that produced by plant 
are homozygous for bb. After maturatlo 
observed that BB seeds were roun 
wrinkled. When they were grosse 
rogeny were intermediate s 
round seeds. The cross involye 


Parents: BB . 
Large starch Small starch 
grain gwi grain with 


seed wrinkled seed 














rou 
F;: Bb 
Intermediate sized 
rrain with round seed 
| Selfing 
Y 
yi large and intermediate 










round and roun 


small 
and wrinkled 


ntermediate 
and round 





Genotype: BB : Bb : bb 
I «#2: 1 


Phenotype : 1 Large : 2 Intermediate : 1 Small 
But in case of seed shape the phenotype is 3:1; 
Round : Wrinkled. 












i 


Deviation from Mendel’s law of dominance : If 
starch grain size is considered as the phenotype» 
then the alleles show incomplete dominance. 
‘hus, dominance is not an autonomous feature of 
a gene, it depends on gene product and production 
of particular phenotype from this product. 


61. (a) Inhumans, ABO system of blood group 
is a case of multiple allelism, codominance and 
dominance. In the ABO system, there are four 
blood groups A, B, AB and ABO blood groups 
are controlled by gene H’ gene J has three 
alleles 7^, If and i. | nenon is known 


as multiple alleli 





















lve A produce blood group AB. 
on is known as codominance. The 
nd their possible genotypes are 
in the table : 


A 
B 


express the 
Thi e 





AB 
O 
(b) (i) Yes, there may be a possibility of 
progeny having blood group ‘A’ only. It can be 
explained as follows: 


Parents : 2 JA JA X fi g 


Gametes : (4) © 


Fy : 
All children have blood group A 
(ii) Yes, this may be the possibility when woman 
is heterozygote for blood group A. It can be 
explained as follows: 
Parents : 2 


Gametes : 





ly : 
Children having Children having 


blood group ‘A blood group i 


al 


D Carre 


A 
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62. (a) Refer to answer 49. 
(b) (i) Monohybrid cross 
(ii) Two laws of inheritance can be derived fro™ 
such a cross. These are given below: 
Law of dominance: According to this ope 
characters are controlled by discrete umits pa i 
factors, which occur in pairs with one Oe ain 
of the pair dominating over the other dissim 
pair. This law explains expression of onl 
the parental character in F, generation. — ai 
Law of segregation : Principle of segregation s ie 
that, “when a pair of contrasting factor or gene F 
brought together in a hybrid; these factors “or 
blend or mix up but simply associate themse ye 
and remain together and, separate at the time O 
gamete formation”. The above law is also known 
as “law of purity of gametes” because each gamete 
is pure in itself. 
63. Law of segregation states that, “when a pair of 
contrasting factor or gene are brought together in 
a hybrid; these factors do not blend or mix up but 
simply associate themselves and remain together 
and, separate at the time of gamete formation’. 
The above law is also known as “law of purity of 
gametes” because each gamete is pure in itself i.e., 
having either G (i.e. gene for yellow seed coat) or 
g (i.e., gene for green seed coat) as illustrated. 


P generation Yellow seed coat x Green seed coat 


(GG) (gg) 


A 4 
Gametes (G) 8) 


© 


Yellow seed coat 


J Selfing 


G 8 
G[GGT Gg) 
8 


F, generation 


F, generation 


Phenotypic ratio : Yellow : Green 
> : 1 
Genotypic ratio : GG: Gg : gg 
l : 2:1 
64. (a) Refer to answer 56 (b). 
(b) Refer to answer 61 (a). 


65. Refer to answer 60. 


66. (a) Refer to answer 43. 
(b) Refer to answer 47. 
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(a) 50% ygous for violet flower. The Crp 
68- ` petero?) $ 
S T 
parent follows ` 


can be 3° : 
parents - 


GenotyPS ` 
Gametes : 


A 
White 
Pp Pp 
ROT 
Pp Pp 
Purple White 


purple 


Fy 
henotyP® 

p will bear purple and Whit. 
e ratio Vek. . 

ross. A test Cross is Pertorme, 

‘genotyP e of the unknown plant. 


ts in 
wers 1n 


e plan 
Toi flo 
(b) Thea 

find ou er 57. 

ð Refer to answer 5/ n pod is dom; 
Įn pea plant prcem. F o O MiNan 
od. 50% of dominant trait will on) 
eny when parent 1s heterozygoy, 
The cross can be illustrated x 


69. (a) 
over yellow P 
occur.in prot”. 
for dominant trait. 


follows : 
Parents : Gg x 88 
(green pod) (yellow pod) 
Gametes : (G) (8) F 
Pi: Gg BS 
50% green 50% yellow 
pods pods 


(b) Refer to answer 68 (b). 
70. Refer to answer 57. 


71. A test cross is required to find out the 
genotype of both the plants. 


Case I In garden pea: 


RR 
(i) Genotypes: (Homozygous red) * (Homozygous whit: 


Gametes: (R) 


Fy generation: 


(red flowers) 


(Heterozygous red) 


(ii) Genotypes: 


Gametes : 





p 


principles of Inheritance and Variation 


om the above crosses, it is clear that if the F 
jeneration contains all red coloured flowers, tings 
f e genotype of the given plant is RR (homozygous 
jominant)s whereas if the F, generation contains 
ed „nd white flowers in the ratio of 1 : 1, then the 
enotyP® of the given plant is Rr (heterozygous 





Jominant i 
case Il In snapdragon: 
(i) 
Red flower 
RR g White flower 
Genotypes Ir 
Gametes 
Fy generation (Pink flowers) 
(ii) 
Genotypes: Rr es 


(Pink) x (White) 


me FQ O 


F, generation: (Ry) (rr) 


White flower 
From the above crosses, it is clear that if the F, 
generation contains all pink coloured flowers, then 
the genotype of the given plant is RR (homozygous 
dominant); whereas if the F} generation contains 
both pink and white flowers, then the genotype of 
the given plant is Rr. 

The inheritance pattern of flower colour in garden 
pea plant is an example of complete dominance 
whereas inheritance pattern of flower colour 
in snapdragon is an example of incomplete 

dominance. 


Pink flower 


72. (a) Homozygous dominant. 


(b) By performing test cross, genotype of the 
given plant can be determined. 


If parent homozygous If parent heterozygous 


Parents : VV x vv Vv x WwW 
(violet) (white) (violet) (white) 
Gametes : 
Vv Vy Vv 
F, generation: (All violet flowers) Violet White 
flowers flowers 
50% : 50% 


parent. Example : 
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73. (a) In dominance, F, resembles one of the 


two parents, i.e., it resembles dominant trait of the 

When violet flower coloured 

pea plant is crossed with white flower coloured 

pea plant, the F, is violet coloured pea plant. This 

can be illustrated as given below : 

Violet flower x White flower 
VV vv 


Gametes : (v) RS 


Violet flower 


Parents : 


F, generation : 


Genetic explanation: When two individuals of a 
species, differing in a pair of contrasting forms of a 
trait are crossed, the form of the trait that appears 
in the F, hybrid is dominant i.e., it resemble one 
of the two parents. 
(b) In codominance both the alleles express 
themselves independently. Hence, in case of 
éodominance, F} resembles both the parent. E.g., 
Roan coat colour in cattle. The cross can be illustrated 
as given below: 

WW X RR 
(white coat) (red coat) 


Gametes : (w) Q) 


Parents : 


rj: 
(Roan coat) 

Genetic explanation : Codominance is a pheno- 
menon in which alleles which do not show 
dominance-recessive relationship are able to 
express themselves independently when present 
together. 

74. During anaphase of meiosis I segregation of 
an independent pairs of chromosomes Occur. 


75. Axial flower position is dominant over 
terminal flower position. Violet colour is dominant 
over white colour. 


76. When the genes involved are linked, the 
proportion of parental gene combinations 
be much higher than non-parental types in a 
dihybrid cross. 


77. Test cross is a cross used to identify whether 
an individual is homozygous or heterozygous for 
dominant character. The individual is crossed 
with homozygous recessive parent for the trait 
being investigated. 
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Tall plant with white flowers could have iy 
possible genotypes : TTpp and Ttpp (white colour 
of flower in pea is a recessive trait, so It will be PP 
in pea plant). 

Case | : ‘Tall (homozygous) pea plant with white 
flowers crossed with dwarf pea plant with white 
flowers. 


TTpp x "PP 
Tall white Dwarf white 


Gametes : D @ 
Ttpp 

Tall, white 

Ttpp 

Tall, white 


white flowers 


Parents : 









Progeny : A 


If plant produces all tall plants with | 
as offspring, then genotype of plant is TTpp t8- 
homozygous tall plant with white flowers. 


Case Il : Tall (heterozygous) pea plant with white 
flowers is crossed with dwarf pea plant with white 









flowers. 
Parents : Ttpp x upp 
Gametes : (Tp) (tp ) 
Ttpp Ttpp 
Tall, white Tall, white 
Progeny : 
(œ) upp "tpp 
Dwarf, white Dwarf, white 


If plant produces both tall plant with white flowers 
and dwarf plant with white flowers, then genotype 
of plant is Ttpp i.e. heterozygous tall pea plant 
with white flowers. 


78. T.H. Morgan select Drosophila melanogaster 
to study sex-linked genes because of following 
reasons: 

(i) They could be grown on simple synthetic 
medium in the laboratory. 

(ii) They complete their life cycle in about two 
weeks. 

(iii) A single mating could produce a large number 
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(iv) Ther® 7 ale flies are easily distinguish. 
male an¢ o many types of hereditary vari 
seen with Jower microscope., x 


ia melanogaster is fruit fly 
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ei 1S the tendency of two dig 
he same chromosome to p` 
enes OF ihe separation of homajo 


during ; | 
at meiosis. Linked genes An 


dihybrid ratio of 9:3:3:1. It Prog, 
with parental characters. Crossing, 
enes occurring during a 

ò break old linkage and egy. 
jt produces recombination na 


ppeties. Thus, they are alternative 


if linkage 1s present in between 7 
ver occurs between them a, 


curs between the two genes, 


inepe VAY” 
another 1-6. 
no crossing © 


sin over oc ; 
s ot linked. Example : In Drosophila a y 
bodied white eyed female was PORRA WNA 


bodied red eyed male, F; prog, produce, 
intercrossed. The F, phenotypic ratio of Dros, 
deviate significantly from Mendel’s 9:3:3:1. 
This signify that the genes for eye colour anc 
colour are closely located on the ‘X’ chrom 
and are linked. Therefore, inherited to 
Recombinants were formed due to crossir 
but at low percentage. 


81. Incross A, the strength of linkage betw 
genes is higher. The distance between the 
genes in the chromosome determines the: 
of linkage. The closely located genes show: 
linkage than the distant genes, because t 
are more likely to undergo crossing over 
former. 


82. In amonohybrid cross, the phenoty 
of F, generation is 3:1 whereas in dihybi 
the phenotypic ratio of F, generation is 9 


83. By conducting the given cross, 
conclude that the genes for eye colour i 
colour are linked. The linked genes do 
independent assortment but remain tog 


are inherited, thereb 
type of progeny. — 


7 


principle? of Inheritance and Variation 
> ic F, . 
sf. Mende Fə phenotypic ratio in a di 
oss 1 9:3:3:}1. “AW proposed by M ren 
sasis of this ran? is law ofindepende endel o 
res that in the inheritance orm 
wo 


Si haract 
ang characters, - 
atrasting the factors of e 


ybrid 
n the 
Ment. 
pairs of 


) ` r 
n acters segregate independently of oe fact 
e tactors 


ofthe other pair of characters, It is diff 

pw of segregation as law of seire Beia from 

hat the members of the allelic pair a states 

gether in the parent, segregate ee 
e. 


g5. The following are the three reasons tl 

othe delay in acceptance of Mendel’s aiaiai - 
‘i Lack of communication and publi . 
those days: = 
qi) His concept of factors (genes) as stable and 
giscrete units that controlled expression oe a 
snd, of the pair of alleles that did not pane 
with each other was not accepted in the li ap f 
variations occurring continuously in a i 
(iii) Mendel’s approach to explain biological 
henomenon with the help of mathematics was 


also not accepted. 




































































86. 
parents - Inflated green pods x Constricted yellow pods 
Genotype : FFGG ffeg 
Gametes : (FG) (fg) 
FfGg 
Fy Inflated green 
Selfing | 
g Eg fG fg 
+ FFGG FFGg F{GG FiGg 
FG Inflated Inflated Inflated Inflated 
green green green green 
FFGg FfGg 
Fg Inflated Inflated 
F> green green 







C onstricted 
green 


F{GG 
Inflated 
green 


FfGg 
Inflated 
green 










fg 






stricted : Constricted 


Phenotypic - Inflated : Inflated - Con : ‘ 
ratio: green pods yellow pods green pods ais ow po 
9 3 : 3 : 
own as twO gene 


kn 
a dihybrid cross. 
press 


This kind of inheritance is 
inheritance represente 
e both the traits €X 


In two gene inheritance © n 
themselves .jmultaneously in the prog y 


87. Refer to answer 80. 
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88. 
o (a) Homozygous dominant = YYRR 
ae recessive = yyrTr 
a Gametes produced by both the parents = YR and 
(c) F; = YyRr 
(d) Gametes produced by F, offspring 
=YR, Yr, yR and yr. 
89. Refer to answer 80. 


90. During his studies on genes in Drosophila, 
Morgan found that the phenotypic ratio of 
F3 population deviates from expected 9:3:3:1 
ratio. On the basis of his study he conclude the 
chromosome theory of linkage which states that: 

— Linked genes are genes which stay together 
transmission | from generation 


during 
occur on the same 


to generation and 
chromosome. 
_ Genes are arranged in a 


chromosome. 
_ | Genes tend to maintain original parental 


combination of alleles with the exception of 

an occasional crossing OV¢T- 

Crossing over occurs due to we 

linkage between two genes. 

_ Strength of the linkage between two genes 
is inversely proportional to the distance 
between the two, i.e., TWO linked genes show 
higher frequency of crossing over if the 
distance between them is higher and lower 
frequency if the distance is small. 


91. Test cross 1s used to identify whether an 
individual is homozygous or heterozygous for 
dominant character. The individual is crossed 
with homozygous recessive parent for the trait 


being investigated. 
Tall plant with yellow seeds could have four 
possible genotypes : TTYY, TtYy, TTYy oF TOI 

Case I : Tall and yellow seed (homozygous) pea 


plant crossed with dwarf and green seed pea plant. 
Parents: TTYY X ttyy 


Gametes: 


F, generation: 


linear fashion on the 


akening of 





All tall plants with yellow seeds 
oduce all tall plants with yellow seeds 
then genotype of plant is TTYY i.e. 
r both the trait. 


If plant pr 
as offspring: 
homozygous fo 








OW D <Cane 
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ad i 
Case I: Homozygous tall plant with yello | 
b- Are en . 
(heterozygous) crossed with recessive pare 
Parents : TTYy x ttyy 


Gametes : 
TY Ty 


ty TtYy Ttyy > 
F| generation: | Tall Yellow |Tall gree 


Tall Yellow [Tall green 
seeds and 
f 1:1, then 







If plant produces tall plant with yellow 
tall plant with green seeds in the ratio © 
the genotype of plant is TT Yy. paparan 
Case II]: Heterozygous tall plant with ye oo 
seeds (homozygous) crossed with reces 









parent. 

Parents: wry x ttyy 

Gametes : 
Ms tY 
TtYy ttYy 

F, generation : Tall yellow |Dwarf yellow 
TtYy rly 

Dwarf yellow 


If plant produces tall plant with yellow seeds and 
dwarf plant with yellow seeds in the ratio of 1:1 
then the genotype of the plant is TtYY. 

Case IV : Tall plantwith yellowseed (heterozygous 


for both) crossed with dwarf plant with green 
seed. 


Parents: — TtYy xX tyy 
Fy 
generation: 





If plant produces all the four types i.e., tall yellow, 
tall green, dwarf yellow and dwarf green as the 
offspring then the genotype of plant is TtYy. 

92. The three principles of Mendels law of 
inheritance are : 


Law of dominance : It explains that when two 
individuals of a species, differing in a Pair of 
contrasting forms of a trait are crosse 
the trait that appears in the F 
and the alternate form that 
called recessive. 


d, the form of 
ı hybrid is dominant 
remains hidden, jg 


CC r r X j } 4) f t r 
pg CBSE Canon Beg o, 
~ 


ss that the 
ation it state the Me, 
Law ol seg E ir that remained tORethe A 
i ~ he 
x ic | 


3 : 3 IR 
„mte CUTER gamete formay,, | 
Ch on i 
arent, $C tor enters A | gamie to i i 
t 


> nt: It stata, 
only one assortime tates th 


dein 
Law of in jepe nde 


¢ two pairs of contrasting q ` 

ce a each pair ot characters Y 
a s of the Ne 

l he factor £ Othe m 
ite tly of t N 

indep 

qhe organism that was ki 

(a) t Mogn, and his COlleap, | 
* $ 

| age w b 

experiments on ee " AS Oroso, 

>} a F ` > De ‘ 

their vaster. They poun ‘ Benes k >» 

melanog chromosome remain linked open 

: it > > ’ Q 

a went from one generalon lO other dy, 

5 +S . $ ` » ven ' 
in aw * of linkage. Linked Be nes ten 

a it together in a single unit. The Meng 

a io ot 9 rie | ` 3 b l IS modified as the s 

'hvhrid ra as l 

dihybri assort independently due to li 


ate Hun 


t 


r 


ON a ware’ out several dihybrid Crossa 
Morgan sr study genes that were sex linked i 
dar yellow-bodied, white eyed female, 
nyore bodied, red-eyed males and intercroy, 
their F, progeny. Ihe F, BEnerenan devin, 
significantly from the ae ntp. 

Morgan and his colleagues knew that the ete 
were located on the X chromosome and deduce 
that when two genes in a dihybrid cross w 
situated on the same chromosome, the Proportiy 
of parental gene combinations were much high 
than the non-parental type due to linkage. Te 
coined the term recombination to describe t 
generation of non-parental gene combinatie 
They also discovered that even when gene 
Were grouped on the same chromosome, som 
genes were very tightly linked and showed ve 
low recombination, They found that the ge 
white and yellow were tightly linked with 13 
recombination while white and miniature Ws 
showed 37.2% recombination. 
(b) Sturtevant used the 


recombination betwee 
same 


frequency 
n the gene pairs on" 
a measure of the dist! 
pped their position 00" 
sulted in a chromos” 
ear graphic represent” 

relative distances of 
Present in that chromosome. " 
ce betwe 


chromosome as 
between genes and ma 
chromosome. This re 
map which was a lin 


of the Sequence and 


ista va 
i en genes was inos 





d 





< of Inheritance an = 
pope j d Variation 
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| -entage o 
by the pe : a their recombination or 95 
, ‘et. 7a > ° 
silt ov Cross Over was term d p (Poart w EEES 
m v1), 10% as deciM cd as Parents Tall round : besa 
fort (M), ori “Organ (dM) and 1% as TITRE T 
4 tiMorgan i i l map unit. Today genetic Gametes ` v z 
. are extensi ely used as a Starting point in th ii en aaa 
mr acing of whole ge SENSE , 
n 
quencing genomes. (Dihybrid) 
l , of independ Tiks 
B allele of cet ee assortment states F, Generation : (Tall round) 
that the Pairs of a trait Separate Selfing 4 
nd ndently of each other during gamete Gametes of F, a a a 
: or É e tr 
por? formation and get randomly rearranged in ~X TR Tr tR 
the offspring at the time of fertilisation producing ? ge Pills Éi | call 
, ; z 2 al all , | Va 
th parental and new combination of traits. This " round) | round) | ‘fenc) | ae i 
-an he explained by the following typical example TIR: | .Timw al Wer hei 
of Mendelian dihybrid cross. P mp Te | al | Vera Ta! ) (Tall | 
ald seneration : roun andi wrririkied 
\fendel performed crosses involving two i E a raana —— 
They ar ae uS Twp | arr | one 
characters Tn ‘ah e called dihybrid crosses that R | (Tall (Tal (Dowart | (Dwart | 
made to study inheritance of two Pairs of genes randy eg’ pound) a | 
classical exampl ihvbri i Tekr Tir apr | mm | 
The class 5 m of dihybrid cross given tr (Tall (Tall (Dewar | (Dwarf | 
helow 1S the use of two pairs of characters namely round) | _nkled)| round) | wrinkled) 
the seed ge “7 Te The plants with Phenotypic ratio Tall | : Dwarf : Tal: Dveart 
ow and round see round round wrinkled winked 
yell (pure) were crossed Ers J * 3 l 


with those having green and wrinkled seeds 
(pure). The F, seeds were yellow and round. F, When F, seeds were grown into plants, F, seeds 
plants were selfed and F, seeds obtained which Were obtained which showed all the four possible 
showed all the four possible combinations, combinations, i.e., (i) tall and round seeds (ii) tall 


ie. (i) yellow and round seeds, (ii) yellow andībẹand wrinkled seeds, (iii) dwarf and round seeds, 
wrinkled seeds, (iii) green and round seeds, and 


(iv) green and wrinkled seeds in 9 : 3/3: 1 ratio. It and (iv) dwarf and wrinkled seeds in9:3:3 : 1 
can be shown by the following cross. ratio. 


ae Filwr ; ANE Genetic explanation : The genes of diag 
YYRR yt characters located in different pairs of 
4 L chromosomes are independent of one another in 
GN their segregation during gamete formation. This 
law is called as law of independent assortment. 
(Dihybrid) 
YyRr 96. (a) Refert swer 95. 

F, Generation : (Yellow round) (a) fi O'anewer'7> i ; 
Gemetes of F selfing 4 (b) Morgan observed that the F, ratio obtained in 
gh A A the cross deviates significantly from 9 : 3 : 3 : 1 ratio 















YYRR Fyk: TyRR YR: i.e., Mendelian ratio. This is because the genes are 


YR | (Yellow | (Yellow | (Yellow | (Yellow linked. They are carried on the same chromosome 
round) round) round) round) ; f 
-i Fk YyRr Yyrr and are inherited together. Linkage was not observed 









Yr (Yellow (Yellow (Yellow (Yellow , a. 
F. Generation: vcund) | wrinkled) | round) | wrinkled) by Mendel as the characters he chose were unlinked 
YyRR YyRr yyRR yyRr genes. 
yR | (Yellow (Yellow (Green (Green 
round) round) unt — 97. Tall plant with violet coloured flower could 
: ; 
yr | (Yellow | (Yellow (Green | (Green have four possible genotypes : TTVV, TtVY, 
round) | wrinkled) round) | wrinkled) E 
TTVv and TtVv. 
Phenotypic ratio : Yellow : Green : Yellow  : Green . . a 
4 grad. bed iiie Case I : Homozygous tall plant with violet colour 
9 3 3 l (homozygous) flower is selfed. 





fa N 
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Parente ] 

TVN ros 
i a f i. 3 " ; a he 
~~ TV TV IV TV 

' : TV TV 

Twi tievirive 

IVI VEVVTT EVN 


I plant produce all tall planta with violet flowers 
as offspring. then genotype of plant is TTVV 
Case Il Heterozygous tall plant with 


(homozygous) violet coloured flower ts selfed 
Parents 
















TYV x hyv 
eo” eel 
Gametes TV tV TV ev 
TV tV 
P, TV] TIVV TrvVV 


Tall violet | Tall violet 


uVyY 


If plant produces tall plants with violet flow 
and dwarf plants with violet flowers in the r 
of 3:1 as offspring, then the genotype of 
TIvy. 

Case III: Homozygous tall plant 
LEY GS) flower is selfed. 


AA a +e 


L 


arents.: TTVv X 
- — 
Gametes TV Tv 


Progeny: 





































If the plant p 
1e genotype of parent is TT Vv. 
“ith violet flower (heterozygous 
is selfed. 
x TtVv 
1y: 3% TV, TR EN, 
tv 
j Tv tV 
[all Violet | Jall Violet Fall Violet Tall Violet 
TI Vv Tiyyv TtVv ‘Tivy 
tall White rail White 
TYV uvv 
Tall Violet | Tall Violet [Dwart Violet [Dwarf Violet 
i itv uyv tvy 
; Tall White | Dwarf Violet | Dwarf white 
| Tall “m | Tall — © Dwarf violet is white 
If the above given ratio is obtained, then the 
genotype is TtVv. 
| 98. Test cross is used to identify whether an 


individual is homozygous or heterozygous for 
dominant character. ‘The individual is crossed 
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recessive parent fry l 
ith homory p" ” “Yelle crAenared fhe ts 
w igated (ehli rw sed tining % 


id have fur possitte yng" 
yvuer and Yy Br 

ourred round seed Ohrnns,, 

sé rossed with green enire we AS 

























v; 
a plant 
seed pea j v1 he t 
Parent? fo 
(,acmnete® Fi 


all yellow cñouted renna - 
en genolype of parent is rra 
low (heterozygous) uhrited 
rygous) seed pea piants 14 cromeg 
oloured wrinkled secd pea plara. r, 


yyrr 


Parents : 


YyRE 4 





Parents : 
Progeny - 
YyRr yyks 
Yellow round seed : Green round seed 
l : | 


If above mentioned ratio is obtained EP 
progeny, then the genotype is YyRR. 

Case III: Homozygous yellow coloured "e 
(heterozygous) seed pea plant is cromed es 
green coloured wrinkled seed pea plant. 





Parents : YYRr x 8 yy 
Gametes: 
Progeny : : 
YyRr Yyrr 
Yellow round seed : Yellow wrinkled sei 
l : l 


If above mentioned ratio is obtained m® 
progeny, then the genotype is YYRr. 
Case IV : Heterozygous pea plant for yellow = 


round seed is crossed with pea plant having p= 
and wrinkled seed. 
Parents - YyR yyrr 





Gametes : 


Progeny : 


YyRe Yyrr yyRr yy 

Yellow Yellow Green Grets 

round wrinkled round wrinkix? 

TT. ee. OT 
< ° 1 


y 
| 


104. 


Phenotypic 
ratio 


| les of inneritance 
paer and Variati 
, above mentioned iit 
> « l 
rogenY then the genotype ; 
l é i 
Refer to answer 95 S 


1S obtained 


YyRr, in the 


100. (a), (b) Refer to answer 
fer to answ 28 case IV 
(e) Ref ver 68 (b), . 


sol. (a) Tall violet 
Parent: TtVy x Dwarf white 
ttvv 
Gametes: VY) Gy) 


VO 





phenotype : Tall violet : Tall white 
l 


TtVv 
l 


: Dwarf vi 
J i a Dwarf white 
Ttvv : l 

l : ] 


Genotyp® ' 
ttvv 


1 
(b) Refer to answer 68 (b). 

102. (a) Refer to answer 95. 

(b) Refer to answer 96 (b). 


Yellow and Round 
Parents: YYRR -a Green and Wrinkled 
yyrr 


4 


ii YyRr 
A Selfing 


103. 





F,: 












yR 
YR] YYRR| YyRR 
yR] YyRR [yyRR | YyRr_ 
yyRr 
YyRr | yyRr_| Xyrr | 


- Yellow 











¿2 Yellow : Green : Green 

round wrinkled round wrinkled 

seed seed seed seed 
9 : 3 : 3 : 1 


Phenotypic 


ratio 


Yellow pod 
with wrinkled 
seed 


gprr 


Green pod 
with round x 
seed 


Parents GGRR 


Gg Rr 
Green pod with 
round seed 


i, Selfing 





d : Yellow pod with 


- Yellow p° 
d wrinkle 


. Green pod sue 
T 
nkled Ced ecd 


- Green pod 
with round with wri 
seed see | i 

9 : 3 ° 


] 
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105. (a i 

haa Axa tower position is dominant over 

i rg violet colour flower is dominant 

akan ave in the progeny only axial violet 

hit sak te i owers are produced, this means 

“roe eterozygous for violet colour. The 
s can be explained as: 














7 BE x aaVv 
rents: Axial violet Terminal violet 
Gametes : (av) (av) 
Progeny : AV Av 
Axial violet | Axial violet 
AaVv Aavv 
Axial violet | Axial white 
Genotype:  ~AaVV AaVv Aavv 
P3 l 2 : l 
enotype: Axial violet : Axial white 
3 : l 
(b) Refer toanswer 84. 
106. (a) 
AAGG x aagg 
Parents Axial flower Terminal flower 
with green pod with yellow pod 
Gametes: AG ag 
F; : AaGg 
Fz: 





Phenotypic:Axial flower: Axial flower : Terminal : Terminal 
ratio with green with yellow flower with flower with 
pod pod green pod yellow pod 

: 3 : 3 : l 

Genotypic AAG aGG 

ratio l l 
: aaGg :aagg 

2 7i 


9 : 
G :AAGg -AaGG: AaGg : AAgg : Aagg :a 
© 2: 2 : 4 : 1: 2: 


(b) Refer to answer 84. 

107. (a) According tO law of independent 
assortment the two factors of eac character 
assort or separate independent of the factors of 
other characters at the time of gamete formation 
and get randomly re-arranged in the offspring 


producing both parental and new combination of 


traits. 
(b) The principle or 


law of independent assortment 


can be studied by means of dihybrid cross between 
heterozygous parents having YyRr genotype. This 
can be demonstrated through Punnett. square as 


follows: 


{ 


I0 


wi d 7 
Parents, VYR x Yylu 
Yellow Round Yellow Round 
O YR 


ea vt | yR yı 
YI 


~ 


VyRR Yy itr 






YyRi Yyrı 


es ~— 


YYRR yyRr 


yyRr yy 





Phenotypic ratio 

Yellow round 9 

Yellow wrinkled 3 

Green round 3 

Green wrinkled l 
Thus, the Phenotypic ratio of a dihybrid cross is 
ee ee 1e Occurrence of four lypes of plants 
(parental types) in the F, 


2 BeNeration of dihybrid 
‘Toss shows that the factors of each of the two 
characters assort independent of the other as if 
the other Pair of factor are not present, 

108. During gamete formation a diploid germinal 
cell changes to a haploid berm cell. Hence, a pair 


Of autosomes cl segregated by means of meiotic 
division to Produce haploid gametes. 


bees an unfertj 
and a fertilised c 
efore, the female 
ale is haploid (n). 


110. Drones of honeybees are h 
16 chromosomes. Mitosis 
Production of sperms. 


111. Drosophila male h 
chromosome. 


109, In honey 
into a male 
female. Ther 
the m 


lised egg develops 
gg develops into a 
is diploid (2n), and 


aploid and possess 
is involved in the 


as one X and one Y 


112. In grasshopp 


er males, there exist XO type of 
sex-determinants. 


113. Statement (a) is correct. In birds, the 
has two homomorphic sex chromosomes 
and is homogametic, and the female has 


heteromorphic sex chromosomes (ZW) 
heterogametic, 


| 
male 
(ZZ) 
two 
and js 


114. ‘The type of sex determination mechanism 
shown in female Xx with male XY is Called 
male heterogamety because male produces two 
different types of gametes. Example - Drosophila 


The type of sex determination mechanisı 


n shown 
in female ZW with male ZZ is female he 


terogamety 
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yj 1 
yale produces two differen Ye, 
because fen 


>. Birds 
metes, Example 
gi 


weds have ZW Ld type Of 
115, Bir S yn mechanism. In this type the 
detenn n aTiBIabephie SeX chromosomes 2) 
has two mogámetic, and the temale has ’ >) 
and. is Ne sex Chromosomes (AW) àh M 
Prali ‘There are, thus, two Ypes ole f 
is ah ai W, and only one Lype of « mS 
with Z anne ie Z. Fertilisation of an Cep With à 
i.e., cach ie by a sperm with Z Chromog,. “ 
ehano wit hee chromosomes 
gives a ary x g with W chromos 
Fertilisation of an egg Wc vields 
sperm with Z $ Gk i yterd: 
ZW chromosomes (female). 


‘ey 


l 
malej 
OMe h 


, q 








Male r Fein ‘le 
Parent: 

Gametes eee 

Offspring 


| AA + ZW | 
Female 
ZW-2Z determination of sex in bird. 


116. Differences between yas 
determination mechanisms are : 


Male Male Female 


and Xy sex 
































lis is chromosomal 
sex determination 
Where male are 
heterogametic, i.e, 
they produce two 
types of gametes (XY), 
while the females are 
Omogametic i.e, they 
Possess similar type of 
gamete (XX), 
The females produce 
One type of egg (X) 
While the males 
Produce two types of 
sperms (X) and (Y). 


sex determination 
where females are 
heterogametic i.e, 


type of gametes, 
(ZW)while the male 
are homogametic i.e, 
they produce Similar 
type of gamete (ZZ) 








Organisms that 
have XY type of 
Sex-determination 
mechanism are humans’ 
and Drosophila, 


a 
—— 
a 


_—— 
— 





principles of Inheritance and Variation 


117. (a) The type of sex determinatio 
echanism shown in female XX with male XO 
< called male heterogamety, In this case male ar 
peterogametic with half the male gametes Saeka 
x-chromosome while the other half being devold 


of it. 

example - Grasshopper 

(b) The type of sez determination mechanism 
shown 1 female ZW with male ZZ is female 
peterogamelty because female | 
different types of gametes, 
gxample . Birds 


produces two 


118. In humans, sex of the child is determined at 
he time of fertilisation. The female parent produces 
only one type of egg with X-chromosome. The 
male gametes are of two types with X-chromosome 
and y-chromosome. Fertilisation of the egg with 
sperm carrying X-chromosome produces a female 
hild while fertilisation with sperm carrying 
Y-chromosome give rise to male child. Thus sex 
of the child is determined by father and not by the 
mother. 

Hence, it is scientifically incorrect to blame the 
mother for bearing female child. 

119. No, the perception in our society that the 
woman is responsible for the gender of the child is 
totally wrong. It is the male who is responsible for 
this. Also refer to answer 118. 





120. Incase of birds, the type ofsex determination 
is ZW-ZZ type. Female has ‘two ‘different: sex 
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121. (a) In male heterogamety, males produce two 
diflerent types of gametes. Inhuman and Drosophila 
the males have one X and one Y chromosome, 
whereas in grasshopper the male have only one 
X-chromosome (XO type). Thus, the males of these 
organisms show male heterogamety as they produce 
(i) gametes either with or without X-chromosome 
or (ii) some gametes with X-chromosome and some 
with Y-chromosome, 

(b) In some organisms female produce two 
different types of gametes. ‘This is termed as 
female heterogamety. In birds and some reptiles 
female has two different sex chromosomes 
(one Z and one W chrómošome) whereas 
male has a pair of same ghromosòme (a pair of 
Z-chromosomes). 


122. Chromosomal determination of sex 
in human beings is of KX-XY type. Human 
beings have 22 pairs of autosomes and one pair 
of sex chrémosomes. The female possess two 
homomorphie (= isomorphic) sex chromosomes, 
named XX» The males contain two heteromorphic 
sex chromosomes, i.e., XY. All the ova formed 
by female are similar in their chromosome type 
(22 + X). Therefore, females are homogametic. 
The male gametes or sperms produced by human 
males are of two types, gynosperms (22 + X) and 
androsperms (22 + Y). Human males are therefore, 
heterogametic. Sex of the offspring is determined 
at the time of fertilisation. Fertilisation of the egg 
(22 + X) with a gynosperm (22 + X) will produce 


chromosomes (AA + ZW) whereas “mafe has a 
pair of same chromosome PAA ‘+ ZZ). As the 
female has heteromorphic wex Chromosomes, the 
female is heterogdmetic and, produces two types 
of eggs, (A + Z) and (A+ W). The male gametes 
or sperms are of one type (A + 2). Therefore, in 
birds, sex is determined by female. Chromosomal 


a female child (44 + XX) while fertilisation with 
an androsperm (22 + Y) gives rise to male child 
(44 + XY). As the two types of sperms are 
produced in equal proportions, there are equal 
chances of getting a male or female child in a 
particular mating. As Y-chromosomes determines 
the male sex of the individual, it ts also called 


determination of sex in human beings is of — androsome. 
XX-XY type. Human — _ 22 pairs of naib daia 
autosomes and one pair of sex chromosomes. 
, Parents x ETEN 
homomorphic sex mew] [are xx] 


The females possess two 
chromosomes, named XX while. The males have 
two heteromorphic sex chromosomes, len XY. 
All the ova formed by female are similar in their 
chromosome type (22 + X). Therefore, females 
are homogametic. The male gametes or sperms 
produced by human males are of two types, 
gynosperms (22 + X) and androsperms (22 4 Y), 
Human males are therefore, heterogametic, ‘Thus, 
the genetic makeup of the sperm determines the 


sex of the child in case human. 


ZN P n 
Gametes EN SE X NexX 


Gynosperm Androsperm hee 
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Offspring 
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In case of birds, the type of sex determination 
is ZW-ZZ type. Female has two different sex 
chromosomes (Z and W) whereas as male has 
a pair of same chromosomes (ZZ), therefore, in 
birds, sex is determined by female. 

123.In Drosophila, XX-YY type of s& 
determina-tion has been found, in which the 
female is homogametic and produces only one 
type of eggs (22 + X). The male gametes are of 
two types, androsperms (22 + Y) and gynosperms 
(22 + X). They are produced in equal proportion. 
Fertilisation of the egg (22 + X) witha gynosperm 
(22 + X) will produce a female child (44 + XX) 
while fertilisation with an androsperm (22 + Y) 
gives rise to male child (44 + XY). In roundworms 
and some insects (true bugs, grasshoppers. 
cockroaches), the type of sex determination ts XX 
~ X0 type. The females have two sex chromosomes, 
XX, while the males have only one sex chromosome- 
There is no second sex chromosome. Therefore, the 
males are designated as X0. 


124.(a) Refer to answer 122. 

(b) Refer to answer 122. 

Sex determination in honeybee bs 

In honeybees haploid-diploid mechanism of sex 
determination has been found. éit is a unique 
phenomenon in which an unfertilised egg 
develops into a male anda fertilised egg develops 
into a female. Therefore, the female is diploid 
(2n), and the male is haploid (n). 

125. (a) Refer to answer 122. 

(b) Refer to answer 114. 


126. Mutation 


127. The parent organism may be haploid or 
diploid but the gametes produced by them are 
always haploid. This is because of the different cell 
division that take place during gamete formation. 
The diploid parents undergo meiosis to produce 
haploid gametes whereas the haploid parents 
undergo mitosis to produce haploid gametes. 


128. Sickle cell anaemia is due to inheritance of 
a defective allele coding for B-globin. It results 
in the transformation of HbA into HbS in which 
glutamic acid is replaced by valine at sixth position 
in each of two -chains of haemoglobin. The 
substitution of amino acid in the globin Protein 
results due to the single base substitution at the 
sixth codon of the beta globin gene from GAG to 
GUG. 
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anaemia t$ caused by , 
jon of à abnormal haemoglobin ak 
rmatic i 
or oglobin-S. ; ihe oe rex: ) 
dergoes polymerisation, under low oya 
= re anigas ‘s change in the RBCs 
su em ` ast 
biconcave disc to elongated sickle-shaped struc, 
132 Huntingtons disease is an autosom; 
O and sickle-cell anaemia Ís an autosom; 


recessive Mendelian disorder. 

133. (a) Hb^Hb” 

tb). Hb°Hb” 

134. Downs syndrome is an autosom 
aneuploidy., caused by presence of an erw 
chromosome number 21. Both the chromosom 
of the 21" pair pass into a single egg due to no 
disjunction during oogenesis. Thus the egg posse 
+4 chromosomes instead of 23 and offspring h 
47 chromosomes (45 + XY in male, 45 + XX 
female) instead of 46. Down's syndrome is al 
called 21- trisomy. 


135. The gene for haemophilia is locat 
on the X-chromosome. A male receives | 
X-chromosome from his mother so haemoph 
father does not pass X-chromosome 
haemophilia to his son. 


136. Refer to answer 134. 


137. Genotypes of parents : XX" and XY 


138. Haemophilia is genetically due to 
epg of a recessive sex linked gene ‘h, car 
ska A It is generally observe 
express its cae gene for the defect is abi 
any corr e as the Y chromosome is devoi 
from Ci iit allele (X"Y ). Women will si 
, isorder whe 
marries with 
babies will be 
50% will be h 


n a carrier woman (? 
haemophilic man (X"Y). 50% 
‘Carriers (XX") while the rema! 
aemophilic (X"X*), 
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139. Haemophilia is a Sex-linked, 
ihe rited disorder whose ge 
X chromosome. Ihe pedigr S criss-cros 
inheritance. Here, a parent passes the traite 4 
the grand child bl the same sex through offspr; " 
of the opposite sex, i.e., in the Biven case, fatha 


„sses the traits to grandson through his daughter 
ion A lead 

40. Mutation S to change | 

à 4G to GAA. This doe 89 n the codon 


S not lead to th 

; s e chg 

in haemoglobin structure because GAG GAA 
both codes for amino acid glutamic aci 


d, i.e, the 
mutation A does not change the amino acid 


in mutation B, the codon GAG igs changed to GUG 
where GUG codes for valine, while the origi i 
codon GAG codes for glutamic acid; hence hen 
i; a change in the haemoglobin structure and it 
leads to sickle-cell anaemia. 


141. Refer to answer 138. 


142. The infant is Suffering from Down's 
syndrome that is caused by the presence of an 
extra chromosome number 21. It is an autosomal 
aneuploidy. Both the chromosomes of the pair 
21 pass into a single egg due to non-disjunction 
during oogenesis. Thus, the egg possesses 24 
chromosomes instead of 23. The child will have 
short stature and a small rounded head. Palms of 
the child will be broad with characteristic palmer 


crease and his physical and mental development 
will be retarded. 


recessively 
ne is present on the 
ee show 


143. Haemophilia is genetically due to the 
presence of a recessive sex linked gene h, carried 
by X-chromosome. Thalassemia is caused due to 
mutation or deletion of gene controlling formation 
of globin chains of haemoglobin. 

Haemophilia is a sex-linked recessive disorder 
and thalassemia is an autosomal linked recessive 
disease. 


Both haemophilia and thalassemia are Mendelian 
disorders. 


Differences between haemophilia and thalassemia 
are as follows: 














LL Haemophilia 
(i) |Sex-linked recessive Autosomal linked 
disorder. recessive disorder. 


















(ii) |Occurs due to Occurs aa to 
presence of sex linked| mutation or de — 
gene h carried by of genes controlling 


formation of 
globin chains of 
haemoglobin. 
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X-chromosome. 







straight from both 
the parents to all the 





inheritance. 












Due to absence of|'There is reduced 


anti-haemophiliac|synthesis of either 
globulin and plasmala or B chains of 
thromboplastin factor haemoglobin which 
IX, the blood does|causes anaemia, 
not clot and patient|jaundice, hepatosp- 


continue to bleed even|lenomegaly, cardiac 
{rom a minor cut, 









enlargement and 
skeletal deformities. 





144. Autosomal recessive traits are expressed only 
when autosomal recessive genes are present in 
homozygous condition. For example, sickle cell 
anaemia in. humans is an autosomal recessive 
trait/disorder. In this disorder, the erythrocytes 
become sickle shaped under oxygen deficiency. 
This occurs due to formation of abnormal 
haemoglobin-S (Hb). It is formed when the 
glutamic acid present at 6™ amino acid in B-chain 
of normal Hb-A, is replaced by valine. 


Sickle cell anaemia can be transmitted from 
parents to the offspring when both the parents 
are carrier for the gene or are heterozygous. 
When two sickle celled heterozygotes marry 
they may give birth to three types of children— 
homozygous normal, heterozygous carrier and 
homozygous sickle celled in the ratio of 1:2: 1. 
However, homozygous sickle-celled individuals 
(Hb°Hb”) die in childhood (before reproductive 
age) due to acute anaemia. This can be shown by 
the given cross: 


Carrier woman 


Parents: 


HB 
Gametes: (us) 


Carrier man 


x bat 


SPerms 


Hb HB 
Carrier 


HÈ Hb 
Sickle celled 
anaemic 
(usually die) 


1 Normal : 2 Carrier 


& 
& 
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145. Colourblindness is a X-linked recessive 
disorder which shows transmission from carrier 
female to male progeny and hence, usually males 
are affected and females remain carriers. 


If the given couple is normal with a colourblind 
child, their genotypes will be 








Male Female 
Parents ; XY x xX 
Gametes : (x) &) (x) G) 
S X 
Progeny: X xX XX 
Carrier female Normal female 





xy 
Normal male 





Xy 
Colourblind male 


Hence, a colourblind male child is born to the 
given couple. 


146. (a) (i) Phenylketonuria 

(ii) Down's syndrome 

(iii) Klinefelter’s syndrome 

(b) Symptoms: 

(i) Phenylketonuria-mental retardation 


(ii) Down’s syndrome-partially open mouth with 
furrowed tongue 


(iii) Klinefelter's 
feminine characters like development of breasts in 
male. 


147. Thalassemia is an autosomal, recessively 
inherited disorder. The defect can occur due to 
mutation or deletion of the genes controlling the 


formation of globin chains (commonly œ and B) 
of haemoglobin. 


a. thalassemia is caused by the defective formation 
of a-globin which is controlled by two genes 
HBA1 and HBA2 present on chromosome 16. 
The mutant gene cause anaemia, jaundice, 
hepatoseplenomegaly and bone changes. All the 
defective alleles kill the foetus resulting in still 
birth or death soon after delivery. 

B thalassemia is caused due to decreased synthesis 
of B globin. The defect is due to alleles of HBB 
gene present on chromosome 11. It results in 
severe haemolytic anaemia, hepatosplenomegaly, 
cardiac enlargement and skeletal deformities, 


148. (a) Refer to answer 138. 


(b) Symptoms of haemophilia: Clotting of blood 





syndrome-development of 
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of the factors needed for clot; 

‘saad. soina haemophilic individ, 

is not synthesis® eads to non-stop bleeding ' 
ample © 





xhy 


xhy 
-ex-linked inheritance showing cris 
(b) Itas where a parent passes the traits t 
or Paned Here , the female is the carrier qf 
the gra 


the disease. 
151. Pedigree analysis is sy o pedigree for the 
isin Of particular trait. It is done to Study 
igen enetik because control crosses are no 
cable 1 human being as the generation time 
is more in humans. Pedigree analysis is useful ip 
ing ways: 
eis VA in finding the possibility of 
sbsencé or presence of that trait in homozygous or 
heterozygous state in a particular individual and 
his family members. 
(ii) It is useful in detecting genetic defects like 
haemophilia, colourblindness, alkaptonuria, 
phenylketonuria, thalassemia, sickle cell anaemia 
(recessive traits), brachydactyly and syndactyly 
(dominant traits). 


(iii) It helps to detect sex-linked characters and 
other linkages. 


152. (a) (i) Partially opened mouth with furrowed 
tongue. 


(ii) Palm is broad with palm crease 
(b) Both 

(c) Klinefelter’s 

(d) Male 


(e) (i) Sterile female with poorly developed 
ovaries and under developed breasts. 


(ii) Webbed neck and broad chest 
(f) Female 


a Refer to answer 138 
e patient havi - 
bleed even fom an haemophilia will continue t? 


Possess the natu à "Pa cut since he/she doesn 
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154. sickle-cell anaemia is a blood related 
jutosomal Mendelian disorder. It is called 
\endelian disorder because it is transmitted to 
the offspring as per Mendelian Principles. The gene 
for sickle-celled erythrocytes is represented by Hb' 
while that of normal erythrocytes is written as 
yb’. The homozygotes for the two types are Hb‘ 
ub ana Hb Hb”. The heterozygotes are written 
35 Hb Hb’. When two sickle cel] heterozygotes 
marry they produce three types of children- 
homozygous normal, heterozygous carrier and 
homozygous sickle celled in the ratio of 1 : 2-1. 
However, homozygous sickle-celled individuals 
(Hb Hb’) die in childhood (before reproductive 
age) due to acute anaemia. Therefore, a ratio of 
one normal to two carriers is obtained, 


Parents: Carrier woman 


x 


ances) 
Ova 


Carrier man 


Sperms ° 


Hb“ Hb“ |  HbÂHbS 
Normal Carrier 














Offspring: 






155. Refer to answers 138 and 153. 


156.(a) The representation indicates a normal 
human. HbA is a normal peptide with glutamic 
acid at the sixth position of beta globin chain. 

(b) The normal individual has biconcave, disc- 
like RBCs whereas the sufferer of the disease has 
elongated sickle-shaped RBCs. 

(c) Both males and females suffer equally because 
sickle-cell anaemia is an autosomal disease and 
not a sex-linked one. The sickle-shaped RBC will 


cause equal oxygen deficiency in both males and 
females. 


157. Refer to answer 135. 


158. (a) Sickle cell anaemia is caused by the 
formation of an abnormal haemoglobin called 
haemoglobin-S. Haemoglobin-S_ differs from 
normal haemoglobin-A in only one amino acid 
- 6'"amino acid of f-chain. Here, glutamic acid 
is replaced by valine due to substitution (trans- 
Version) of T by A in the second position of the 
triplet codon (CTC) which is changed to CAC. 


HbôHb® | HbAHD®S 
Carrier | Usually dies 
in childhood 
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The gene is situated on chromosome 11. The 
codon CTC is transcribed into GAG (coding for 
glutamic acid) but due to substitutions of T by 
A the new codon CAC is transcribed into GUG 


that codes for valine. Hence it is a result of point 
mutation. 


(b) Refer to answer 154. 


159. Turner’s syndrome is a disorder where the 
individual has 22 pairs of autosomes and XO 
sex chromosomes i.e., 45 chromosomes. So, the 
karyotype will be 44 +XO. 

Symptoms: (i) Sterile females 

(ii) Rudimentary ovaries 

(iii) Lack of secondary sexual characters 

(iv) Webbed neck and broad chest 

(v) Underdeveloped breasts 


160. Klinefelter’s syndrome is a disorder caused 
due to an additional X - chromosome. The 
individual has 22 pairs of autosomes and XXY sex 
chromosomes i.e., the karyotype is 44 + XXY. 
Symptoms: (i) The individual is a male. 

(ii) The male shows development of feminine 
characters like development of breasts. 

(iii) Body hair is sparse. 

(iv) The individual is sterile. 

161. Refer to answers 134 and 152 (a). 

162. Refer to answer 160. 


163. (a) Refer to answer 159. 
(b) Refer to answer 129. 


164. (a) Offspring numbered 1 has blood group 
B with genotype I°1”. 





JAJA/ JOYA 
A 


(b) For offspring numbered 2, the possible blood 
groups as well as their genotype would be O (1P1P) 
or A (I21*) as shown: 


A 
Parents : JOP " Hi 
O JÀ 
Gametes : [9 I 
OJA 
Offspring ru ja 
genotypes : blood group blood group 








— 
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There = 
can be two c 
to know the r offs 


pring numbered 3 


possible a 
genotypes, blood groups as well as their 
Case ] a W ` è 

à hen parent is homozygous for A ie, I^^ 
arents ; fO]8 x IMA > 
Gametes : [018 jA 
Ottspring JOYA [BJA 
genotype : A AB 
blood group blood group 
Case Il: When parent is heterozygous for A ie, IOI 
Parents : OB x jOyA 
Gametes : JO B po yA 
Offspring 
genotype: IDO OA Bo JAB 
Blood group O À B AB 
165. 
Parents: 


Generation ] 


Generation Il 


Generation III 





A 
(a) (i) Parents : I°7° and IP12 
(ii) Since the offspring of X is a individual with 
blood group A, so the genotype of individual X 


can be I?I? or 101^ or IT’, It can be explained as 
follows: 


Case I: When genotype of X is [7° 


7° x IAP 
j ta i 
L 
IAQ Po 
A B 
Case II: When genotype of X is 191^ 
P x [^]. 
yo E m P 










å B A AB 
Case III : When genotype of X is 1^1^ 
J^JA X JAB 
[^ Jô [B 
JAJA JAyB 
A AB 
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(b) The possible blood groups of indivig t 
in third generation may be Aoro This uly 
illustrated as given below: Cay 


Case I: When an individual 
with blood group o (rm Fj 
marries with an individual 
with blood group A Cr’): 
The offspring will have 
blood group A with 


enotype MI". a 
bai II :When an individual 


with blood group O 
(9°) marries a person 


with blood group 9A 
ar) Q 


The offspring can either have 
blood group O with genotype I] or 4 Ny 
genotype we 
(c) The pedigree shown occurrence of bl, 
group AB in the family. Blood group AB iş 
example of co-dominance. Both the alleles 74 
IP are codominant as both of them are able y 
express themselves in the presence of each othe 
in blood group AB by forming antigens A and} 
166. (a) 4-X X" 

5-X'Y 

6-XY 
(b) The probability of their first child being; 
haemophilic male is 25%. 





14(X5X) y 15 (XY) 

x" X X Y 
xhy  xľy XX XY 
Carrier Haemophilic Normal Normal 
daughter son 


daughter son 
167. Haemophilia is an X-linked recessive disorde 
It is possible to have a haemophilic girl when! 


carrier woman marries a haemophilic man. 


Parents (Carrier woman) x (Haemophilic man) 
Genotypes: xxh xhy 


MN A 
O © @ 0 


F, generation: 







Xxh Oia ie 
(Carrier girl) | (Haemophilic girl) 


å n XY: 
>» | (Normal boy) 











ie a 
(Haemophilie boy’ 
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168 (a) individual 1 - 2 

° À 
individu z-i 


a 
individual 5 will have both antigens A and B 
hile individual 9 will neither have the two on the 
jasma membranes of the RBCs. 
J individual 3 - py 
Individual 4 - i 


Colourblindness and thalassemia are 


169. (a) 
d as Mendelian disorders because of the 


categorise 
following reasons: 

(i) They are mainly due to alteration or mutation 
ina single gene. 

(ii) These disorders are transmitted to the 
offspring i” the same line as Mendelian principles 
of inheritance, i.e., by the parents who are carriers 
and are apparently normal. 

(iii) The pattern of inheritance of these disorders 
can be traced ina family by pedigree analysis. 
symptoms of Colourblindness : The person fails to 
discriminate between red and green colour due to 
the defect in either red or/and green cone cells of 
retina. 

Symptoms of Thalassemia : The person suffers from 
anaemia as the synthesis of either alpha globin 
chain(s) or beta globin chain (s) of haemoglobin is 
impaired. 
(b) Colourblindness is 4 X-linked recessive 
disorder which shows transmission from carrier 
female to male progeny: In females colour 
blindness appears only when both the sex 
chromosomes carry the recessive gene (X‘°X‘). The 
females have normal vision but function as carrier 
if a single recessive gene for colourblindness is 
present (XX‘). However ; in human males the 
defect appears in the presence of a single recessive 
gene (XY) because Y-chromosome of male does 
not carry any gene for colour vision. As a result 
colour blindness is more common in males (8%) 


as compared to females (0.4%). 

170. Refer to answers 147, 169 (a) and 131. 

ia is a disease characterised 
by reduced synthesis of either the & or B chains 


of haemoglobin and likewise designated as & or B 
thalassemia. It may lead to haemolytic anaemia. 


171. (a) Thalassem 
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ia i i „cessive 
(b) Thalassemia is an autosome linked reces 


blood disease transmitted from pa 


offspring when both the partners ar 
have heterozygous 


carrier for the gene fe- 
condition for thalassemia gene. 

A child born to a diseased mother and n 
father will have only one gene for the disease 
and will be an unaffected carrier. A thalassemic 
baby can be born only to a carrier couple- Thus, 
mother only cannot be blamed for the birth of a 
thalassemic baby, its father is equally responsible 
for the disease. 
(c) The counselling ca” encourage families tO 
understand that only mother is not responsible 
for any disease OF defect found in the baby. A baby 
inheritssits characters from both of its parents 
not just only from mother. It will help to upgrade 
condition of women in such orthodox families. 


172. Refer.to answers 169 (a), 147 and 131. 


173. (a) Refer to answer 134. 

Symptoms of Down's syndrome : It is characterised 
by round face, broad forehead, permanently open 
mouth, protruding tongue, projecting lower 
lip, short neck, flat hands and stubby (small) 
fingers, many ‘oops’ on finger tips, coarse and 
straight hair, furrowed tongue, broad palm with 
characteristic palmer crease, which runs all the 
and monogolian type €y€ lid 
e victim has little intelligence. 


(b) Inheritance pattern of Thalassemia 
Thalassemia is an autosomal, recessively inherited 
disorder, transmitted to the offspring when both 
the parents are heterozygous/carriers for the 
disease.Alpha thalassemia 1s controlled by two 
closely linked genes, HBAI and HBA2, located on 
chromosome 16. Beta thalassemia is controlled by 
a single gene, HBB, located on chromosome 11. 
Inheritance pattern of Haemophilia : Haemophilia 
is a sex-linked, recessively inherited disorder, 
whose gene is present on the X chromosome. It 
affects more males than females, because a male 
has only one X chromosome and the female has 
two X chromosomes and has to be homozygous 
recessive for the disease to develop. 
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174. Haemophilia isasex-linked recessive disorder. 
Haemophilia (= hemophilia) is genetically due 
to the presence of a recessive sex linked gene h, 
carried by X chromosome. A female becomes 
haemophilic only when both its X chromosomes 
carry the gene A, However, such females 
generally die before birth because the combination 
of these two recessive alleles is lethal. A female 
having only one allele for haemophilia (XX") 
appears normal because the allele for normal blood 
clotting present on the other X chromosome is 
dominant. Such females are known as carriers. In 
case of males, a single gene for the defect is able 
to express itself as the Y chromosome is devoid of 
any corresponding allele (X"Y).The possibility of 
human female becoming haemophilic is extremely 
rare because she has to be homozygous recessive 
for the trait, i.e., her father must be a haemophilic 
and mother must be atleast a carrier. 


(b) M.T.P (Medical Termination of Pregnancy) 
is an intentional or voluntary termination of 
pregnancy before full term. The pregnant human 
female was advised to undergo MTP because, 
the zygote is formed by an additional copy of 
X-chromosome resulting into a karyotype of 
47 with XXY. Such an individual will develop 
Klinefelter’s syndrome. Such persons are sterile 
males with undeveloped testes, mental retardation, 
female like sparse body hair, and knock knees, long 
limbs and with some female characteristics such 
as feminine pitched voice and enlarged breasts 
(gynaecomastia). 
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175. (a) P a] disorders are : 


chromosom 
Mendelian 












disorder 
a disorder 
~ | This disorder [his disorder i, 
(i) ieee caused duet 
iş mainly due g 
to alteration or absence or exces 
jutation in the or abnormal] 
sing gene. arrangement 
; of one or more 
chromosomes. 





This does not 
follow Mendel% 
principles of 
inheritance. 


This follows | 
Mendel’s principles 
of inheritance. 





A This is always 
(iii 


dominant in Nature 





This may be 
recessive Or 
dominant in 
nature. 












For example, 
Turner's syndrome 


For example, 
haemo-philia, 
sickle-cell anaemia. 


) 
(iv) 





(b) Two chromosomal aberration-associat 
disorders are Downs syndrome , 
Klinefelter’s syndrome. 

(c) (i) Down's syndrome: The individuals h 
overall masculine development but they expr 
feminine development like development of bre 
i.e., Synaecomastia. They are sterile. 

(ii) Klinefelter’s syndrome: The females are ste 
as Ovaries are rudimentary. Other secon 
sexual characters are also lacking. 


176. Refer to answers 169 and 147. 
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b» Maximum SA I type questions were asked 
from The DNA. 

>» Maximum LA type questions were asked from 
The Search for Genetic Material. 


QUICK RECAP 


© 


Genetic material is the substance which not 
only controls the formation and expression of 
traits in an organism but can also replicate and 
pass on from a cell to its daughter cell or from 
one generation to next. 


© Nucleic acids are of two types - DNA 
(deoxyribonucleic acid) and RNA (ribonucleic 
acid). In all organisms DNA serves as the 
carrier of genetic information which expresses 
itself through RNA but in viruses either DNA 
or RNA can serve as genetic material. 
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DNA AS GENETIC 


© 


MATERIAL 


The most conclusive 


E DNA as the Benetic material came from 
the following three avenues of approach 
on Microorganisms _ transformation of 


bacteria, mode of infection of bacteriophages 
and conjugation of bacteria. 


Frederick Griffith, conducted a series of 
experiments with bacteria Streptococcus 
Pneumoniae, He experimented with smooth 
(S) or virulent and rough (R) or nonvirulent 
strains of Streptococcus pneumoniae. He 
conducted a series of experiments as 
summarised in the given table. 


Table : Summary of Griffith’s experiments 


ta Bacteria injected 


ee p 


Cvidences in support 












(11) Live nonvirulent Survived 


(R-type) 


(iil) | Heat killed virulent Survived 
or S-type 


Live nonvirulent or Some Died 
R-type + 

Heat killed virulent 
or S-type 


In the last experiment, Griffith did not 
inject living S-type into. mice but living 
S-type appeared in the blood and caused the 
death of mice. Griffith concluded that there 
was some factor in heat killed S-type that 
transformed live R-type into live S-type. This 
must be due tothe transfer of the genetic 
material. However, the biochemical nature 


of genetic materia] was not defined from his 
experiments. 


















In 1944, Avery, McCarty and MacLeod 
fractionated the killed S-type bacteria into 


three components-DNA, carbohydrate and 
protein. 


DNA fraction was further divided into two 
parts : one with deoxyribonuclease Or 
DNase and the other without it. The four 
components were then added to Separate 
culture tubes containing R-type bacteria as 
shown below: 
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R-type +Protemn S-type 


Ry 
x hydrate S-type Ype 
-type +Carbo d R., 

ype +(DNA of S-type + DNase) Ri 
R-type +DNA of S-type “Rus 
Sty, 

The also discovered that a 
digesting enzymes (Proteases) 2 
RNA-digesting enzymes aM 
lid not affect transformation, = s 
transforming substance was not a Prove 
at RNA. Digestion with DNase did in 


. Dhib, 
transformation, suggesting that the DN, 
caused the transformation. They Conclug, 
that DNA. is the hereditary Material. d 


The unequivocal proof that DNA is th 
genetic material came from the “Xperimen, 
of -Alfred Hershey and Martha Chas, 
(1952). They worked with viruses that infec 
bacteria called bacteriophages. Hershey and 
Chase worked to discover whether it Was 
protein or DNA from the viruses that Entered 


the bacteria. 


They incorporated radioactive isotope of 
phosphorus (?P) into phage DNA and. 
of sulphur (*°S) into proteins of a Separate 
phage culture. These phage types were 
used independently to infect the bacterium 
Escherichia coli. After sometime, this 
mixture was agitated on a blender to Separate 
the empty phage capsids from the surface of 
bacterial. When 35S was used, all radioactive 


material was limited to empty viral protein 
coats. 


Bacteria which were infected with viruses 
that had radioactive DNA were radioactive 
indicating that DNA was the material that 
Passed from the Virus to the bacteria. 


These results indicated that the DNA of the 
bacteriophage and not the protein enters 
the host, where Viral replication takes place. 
Therefore, DNA is the genetic material of 


composed of s 


i mall monomeric units called 
nucleotides. 


The length of DNA is defined 35 


ae 


yrolecular Basis of Inheritance 


0 


© 


O Q 


pach nucleotide is made up of a pent 

sugar (deoxyribose type), a phos hate ane 
and a nitrogenous base. ae 
A subunit composed of only sugar and 
the nitrogen base is known as nucleoside 
Nitrogenous base is linked to pentose sugar 


through N-glycosidic linkage to form a 
nucleoside. 


The four nucleosides differ from each other 
in the type of the base, which could be 
adenine (A), guanine (G), thymine (T), or 
cytosine (C). The adenine and saantine are 
the purines and thymine and cytosine are 
the pyrimidines. (In RNA, uracil is present 
instead of thymine). 


In a nucleotide, N-base is attached to 


deoxyribose sugar at C-1 and phosphoric 
acid is attached at C-5 of sugar. 


Adjacent nucleotides are joined together 
by phosphodiester bonds between C-3 and 
C-5 of different deoxyribose sugars of two 
adjacent nucleotides (3°-5° phosphodiester 
linkage) to form a polynucleotide chain. 


The polynucleotide chains show polarity 
as one end of the chain has a sugar residue 
with C-3 not linked to another nucleotide 
having free 3’-OH group and the. other 
end has sugar residue with C-5 linked 
to a phosphate group (not linked to 
another nucleotide). These are named as 
X and 5 ends (three and five prime ends) of 
polynucleotide chain, respectively. 


The two polynucleotide chains are antiparallel 
to each other and are held together by 
hydrogen bonding between specific pairs of 
purines and pyrimidines. 


The pairing is always between A and T, and 
G and C. There are two hydrogen bonds 
between A and T and three between G and 


C. 


The stacking of bases creates two types of 
grooves called major and minor grooves. 


Both polynucleotide strands in a double 
helix remain separated by a distance of 20Å. 
The coiling of double helix is right handed 
and one complete turn occurs every 34Å so 
the pitch of one turn is 34Å. 


© 


© 
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airs 1S 3.4A and 


Distance between base Pp 
A, so there 


since the pitch of one turn is 34 
are 10 base pairs in each turn. 


In 1950, Erwin Chargaff formulated 
important generalisations about DNA 
structure, these generalisations are called 


Chargaff’s rules in his honour. They are 


summarised as follows : 
-The purines and pyrimidines are always 
in equal amounts, Ma G=T+C. 


_ The amount of, adenine is always 
equal to that of thymine, and 
the amount of guanine is always 
equal ato ~ that of cytosine, 1€. 


A=TandG=C. 

The base ratio A + T / G + C may vary 
from one species to another, but is 
constant for a given species. 

DNA packing in prokaryotes is carried out 
with the help of RNAs and nonhistone basic 
proteins like polyamines. 


DNA packing in eukaryotes is carried out 
with the help of lysine and arginine rich 
basic proteins called histones. The unit of 
compaction is nucleosome. Histones are of 
five types-H,, H-A, H2B, H, and H,. Four of 
them (H-A, H,B, H, and H,) are organised 
to form a unit of eight molecules called as 
histone octamer. The negatively charged 
DNA is wrapped around the positively 
charged histone octamer to form a structure 
called nucleosome. 


A typical nucleosome contains 200 bp of 
DNA helix. Nucleosomes constitute the 
repeating unit of a structure in nucleus called 
chromatin, (thread-like stained bodies seen 
in nucleus). The nucleosomes in chromatin 
are seen as ‘beads-on-string’ structure when 
viewed under electron microscope. 


In a typical nucleus, some regions of 
chromatin are loosely packed (and stain 
light) and are referred to as euchromatin, 
which is transcriptionally active chromatin. 
The chromatin that is more densely packed 
and stains dark is called as heterochromatin, 
which is inactive. 
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© Ribonucleic a 
> Nucleic acid (RNA) js a sin 
Structure consisting of 
Polynucleotide ch 


gle-stranded 
an unbranched 
back on 7 tain, but it is often folded 
; orming helices. The four 
Nitrogenous bases found in RNA are 
Adenine, Cytosine, guanine and uracil. Uracil 
'S Present in RNA at place of thymine. In 
RNA, every nucleotide residue has an -OH 
SOUP present at 2’ position in the ribose. 


Types of RNA 


© The RNA may 
genetic RNA 
RNA is seen 


be mainly of two types - 
and non-genetic RNA. Genetic 


in most of the plant viruses and 
some animal viruses, e.g., in TMV, polio 


virus, influenza Virus, etc, RNA acts as 
Senetic material. 


Table 


Different 
Viruses 


and the nature 
genetic RNA associated with them 


= 


Single stranded 
Double stranded 


RNA 
of 

























Plant viruses 
TMV 

Wound tumor 
Animal viruses 
Influenza, Single stranded 
Rous sarcoma, 
Poliomyelitis 
Reovirus 
Bacteriophages 






Double stranded 


3. 
ži MS, Fz, Rz Single stranded 


© On the basis of molecular size and function, 


three main forms of non genetic RNA are - 
mRNA, tRNA and rRNA. 





© 


mRNA constitutes about 2-5% of cellular 


RNA; tRNA is about 15% and rRNA about 
70-80%, 


© 


Messenger ribonucleic acid (mRNA) 


or informational RNA is a molecule of 
RNA that is transcribed from a gene and 


then translated by ribosomes in order to 
manufacture protein. 


tRNA or transfer RNA is also known as 
soluble RNA or adaptor RNA. tRNAs are 
smallest, bearing 70-80 nucleotides and 
sedimentation coefficient of 4S. 
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© Ribosomal RNA is a COMponen of 
ribosomes, the protein synthetic factor; hy 
the cell. It is formed in nucleolus, FRN ih 
the most stable type of RNA. 


leş 
Ai 
DNA v/s RNA 


© 


DNA is a better genetic material t 

because of the following reasons: 

_ DNA is chemically leşş a 
and structurally more stable ‘ti 
nucleotides are not exposed y its 
when they have to express their fea 

_ Presence of thymine in DNA insteag 
uracil, provides stability to DNA “0 

- Hydrogen bonding between Pu 
and pyrimidines and their Stacie’ 
make DNA more stable for Storage $ 
genetic information. of 

- DNA is capable of undergoin { 
mutations required of genetic materia 

- It possesses the power of repairing 


han Ry 
A 


T 


© 


Since, DNA is more stable while RNA . 
more reactive, both the types of Nucleic acid, 
have been retained in genetic expression, 


DNA Replication 


© DNA replication is the unique Process of 
making an identical copy ofa double Stranded 
DNA, using existing DNA as a template fo, 
the synthesis of new DNA strands Prior to 
cell division (in S phase of cell cycle). 


Meselson and Stahl (1958) proved that DNA 
replicates by semi-conservative method by 
experimenting on E.coli. They grew E.col 
for many generations in medium containin; 
the heavy isotopes of nitrogen, i.e., 5N. The 
grew bacterial cells having DNA labelle 
with N in MN medium and found that! 
generation has DNA density intermedia 
between the two. This implied that, t 
newly synthesised DNA possess one strar 


contributed by parent DNA and other new 
synthesised. 


© 


Replication of DNA is energetically high 
expensive. It requires a set of enzym 
mainly DNA polymerases. These enzyn 
catalyse polymerisation of a large num! 
of nucleotides very accurately in a very sh 
time. Replication requires abundant ene 
that comes from breakdown of triphosph 


yot 


„lar Basis of Inheritance 


of deoxyribonucleotides. Enzyme helicase 
acts over the Ori site and unwinds the two 
strands of DNA. The separated strands 
mia stabilised by means of single stranded 
binding proteins (SSBPs). Unwindin 

crestes tension in the uncoiled part by 
forming more supercoils, Tension is relensed 
by enzymes topoisomerases, They cause 
nicking of one strand of DNA (for removin 

coils) and resealing the same. Whole of 
DNA does not open in one stretch due to 
very high energy requirement but the point 
of separation proceeds slowly towards both 
the directions. It gives the appearance of 
y-shaped structure called replication fork. 


A small strand of RNA, called RNA primer, is 
synthesised at the 5° end of new DNA strand 
itis essential for initiation ofnew DNA chains 
as it is required by DNA polymerases to add 
nucleotides. DNA polymerases catalyse 
polymerisation only in one direction, that is 
5’ > 3’. Consequently, on one strand called 
leading strand (the template with polarity 
3’ > 5’), the replication is continuous, 
while on the other strand called lagging 
strand (the template with polarity 5’ > 
3’), it is discontinuous... Discontinuous 
replication occurs because only a small 
stretch of template exposes at a time. The 
discontinuously synthesised fragments are 
later joined by the enzyme DNA ligase. 


Central Dogma 
»») Crick (1958) proposed the central dogma 


of molecular biology. Central dogma is the 
unidirectional flow of information from 
DNA to RNA and from RNA to polypeptide. 
H. Temin and Baltimore (1970) introduced 
the concept of reverse central dogma, Ba 
formation of DNA from RNA. It is also called 
teminism and occurs in retroviruses. 






Transcription Translation 
DNA — RNA Proteins 
A. One way flow of information 
Transcription Translation 
Proteins 


Å- 
B. Reverse flow of information 


presentation of flow of 


Fig.: Diagrammatic re 
m DNA. 


transcriptional information fro 
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Transcription 


© The process of copying genetic information 
from one strand of the DNA into RNA is 


termed as transcription. 


© The segment of DNA that takes part in 
transcription is called transcription unit. 
It has three components a promoter, the 
structural genes and a terminator. Besides 
a promoter, eukaryotes.also require an 
enhancer. Promoter is located upstream of 
structural gene. Terminator region is present 
downstream (3’ end of coding strand) of 
structural gene. The promoter has an AT rich 
region, called TATA box also called Pribnow 
box. 


© Insstructurah gene transcription can occur 
only in 5’— 3’ direction. The strand of DNA 
taking part in transcription is called template 
strand. 


© In prokaryotes RNA polymerase is only 
of one type and can transcribe all types of 
RNAs. It has o subunit attached with core 
enzyme having 5 subunits - B’, B, œ, & and w. 


© In eukaryotes, three major classes of RNA 
polymerases are found in the nucleus. RNA 
polymerase I synthesises precursors for the 
large ribosomal RNAs. RNA polymerase II 
synthesises the precursors for mRNAs and 
small nuclear RNAs. RNA polymerase II 
participates in the formation of tRNAs and 
5S rRNAs. 


© The DNA segment which codes for 
polypeptide chain is called cistron. The 
structural gene ina transcription unit could be 
monocistronic (mostly in eukaryotes) which 
codes for only one protein or polycistronic 
(mostly in bacteria or prokaryotes) which 
codes for many proteins. 

© Prior to transcription the nucleotides are 


activated through phosphorylation. Enzyme 
phosphorylase is required along with energy 


for this. 
© Transcription takes place in three steps - 
initiation, elongation and termination. 


© The first step in transcription is binding 
of RNA polymerase to DNA. The specific 
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region on the DNA where the enzyme 
binds to form closed promoter comp!e* 
is known as promoter region. It is locates 
on the 5’ end of the gene to be transcribe 
which signals where to start RNA synthes'>: 
It also determines which DNA strand is tO 
be transcribed. Thus a promoter region we 
RNA polymerase recognition site and RNA 
polymerase binding site. 


© When the closed promoter complex forms, 


bb) RNA polymerase contains 


© _ In prokaryotes, 


then 


DNA remains double helical. It 
and 


isomerises and causes unwinding 
separation of DNA strands to form open 
promoter complex, a highly stable structure: 
two nucleotide 


binding sites: initiation site and elongation 

site. | 

- Initiation site binds only with punine 
triphosphates (ATP and GTP@ Wis 
initiating nucleoside triphosphate 
binds to the enzyme in open promoter 
complex and forms hydrogen bond 
with complementary DNA»base (base 
pairing). 

— Elongation site is then occupied by a 
nucleoside triphosphate that is selected 
strictly on the basis of its ability to form 
hydrogen bond with the next base in 
DNA strand. The two nucleotides are 
then joined together and the first base 
pair is released from initiation site. 


the transcription product 
directly function as mRNA but in eukaryotes 
the result of transcription is hnRNA. 


@ In eukaryotes, hnRNA contains both the 


exons (expressing sequences) and the 
introns (interrupting sequences) that are 
non-functional. Hence, it is subjected to a 
process called splicing where the introns are 
removed and exons are joined in a defined 
order. 


© hnRNA undergoes additional processing 
called as capping and tailing. In capping, 
methyl guanosine triphosphate is added to 
the 5’ — end of hnRNA. In tailing, adenylate 
residues are added at 3° — end in a template 
independent manner. 
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follows: ae 
the codon 1s triplet. 6] Codon, 


for amino acids and 3 codons , 
UAG and UGA) do not code į 
o acids, hence they fune 


_ 


amin 
stop codons. 
N One codon codes for only d 
acid, hence, it is unambiguo, 
specific. 
_ Some amino acids are coded 
than one codon, hence the 4 
degenerate. 
The codon is read in mRNA 
continuous fashion. There a 
punctuations. 
The code is nearly universal ; i.e { 
in all living organisms. 
_ AUG has dual functions. It cod 
methionine (met), and it also x 
initiation codon. 


Wobble hypothesis was given by Fj 
Crick (1966). According to this, 
nitrogenous base of a codon is notn 
significant and codon is specified by fix 
bases. Hence the same tRNA can recog 
more than one codons differing onlya: 
position. 


TRANSLATION 


© Translation or protein synthesis is ap 
during which the genetic inform 
stored in the sequence of nucleotides * 
mRNA molecule is translated, fol 
the dictation of the genetic code, * 
sequence of amino acids in the poor 
which requires the functions of a? 
number of macromolecules. 
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©) Protein synthesis occurs over the ribosomes 
(protein factories). Each ribosome has two 
unequal parts, small and large. The larger 
subunit of ribosomes has a groove for 
pushing out the newly formed polypeptide 
and protecting the same from cellular 
enzymes. The smaller subunit fits over the 
larger one like a cap but leaves a tunnel for 
mRNA. The two subunits come together 


only at the time of protein formation. The 
phenomenon is called association. Mg 
is essential for it. Ribosomes usually form 
groups during active protein synthesis, 
known as polyribosomes or polysomes. 

There are three reactive sites in a ribosome 
- P-site (peptidyl transfer or donor site.) 
A-site (amino-acyl or acceptor site) and E 
or exit site. P-site is jointly contributed by 
both ribosomal subunits. A-site and E-site 


are largely confined to the larger subunit of 
ribosome. 


© The synthesis of polypeptide can be 
considered in terms ofinitiation, elongation 
and termination stages. These fundamental 
processes have additional stages : activation 
of amino acids before their incorporation 
into polypeptide and the post-translational 
processing of the completed polypeptide. 
Both these processes paly important roles in 
ensuring the proper function of the protein 
product. Amino acids are activated in the 
presence of ATP and linked to their cognate 
tRNA-a process commonly called as charging 
of tRNA or aminoacylation of tRNA to be 
more specific. The translational of mRNA 
begins with the formation of initiation 
complex. Initiation factors are designated as 
IFs in prokaryotes and eIFs in eukaryotes. 
Elongation requires the initiation complex, 
aminoacyl-tRNAs, elongation factors and 
GTP. 


» The sequence of the second triplet in mRNA 
dictates which charged tRNA molecule will 
become positioned at the A site. Once it is 
present, peptidyl transferase catalyses the 
formation of the peptide bond that links 
the two amino acids together. At the same 
time, the covalent bond between the amino 
acid and the tRNA occupying the P site is 
hydrolysed (broken). The product of this 
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reaction is a dipeptide, which is attached ‘a 

the 3’ end of tRNA still residing in the A site. 

Soon after the establishment of first peptide 

linkage and slipping of the freed tRNA 

of P-site, the ribosome or mRNA rotates 

slightly. The process is called translocation. It 

requires a factor called tranlocase. Asa result 
of translocation the A-site codon alongwith 
peptidyl-tRNA complex reaches the P-site. 
A new codon is exposed at the A-site. It 
attracts a new aminoacyl tRNA complex. The 
process of bond formation and translocation 
is repeated. One by one all the codons of 
mRNA are exposed at the A-site and get 
decoded through. incorporation of amino 
acids in the peptide chain. The peptide chain 
elongates. 


Termination is signalled by the presence 
of one of there termination codons in the 
mRNA (UAA, UAG, UGA), immediately 
following the final coded amino acid. 
Three release factors RF-1, RF-2 and RF-3 
recognise termination codons and contribute 
in release of the free polypeptide and last 
tRNA, now uncharged, from the ribosome. 
In eukaryotes, a single release factor eRF 
recognises all the 3 termination codons. 


REGULATION OF GENE EXPRESSION 


@ The control over the functioning of genes is 


called regulation of gene expression. 


© There are two types of gene regulations; 


positive and negative. In negative gene 
regulation, the genes continue to express 
their effect till their activity is suppressed. 


This type of gene regulation is also called 
repressible regulation. 


Positive gene regulation is the one in which 
the genes remain non-expressed unless they 
are induced to do it. It is, therefore, inducible 
regulation. As the genes express their effect 
through enzymes, their enzymes are also 
called inducible enzymes and repressible 
enzymes. 


Jacob and Monod (1961) from their study 
in bacterial genetics proposed that genetic 
material has a number of functional units 
called operons. An ‘Operon consists of 
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© 


Regulator gene forms a biochemical for 
suppressing the activity of operator gene. 
Operator Bene receives the product © 
regulator gene. It allows the functioning 
of the Operon when it is not covered by 
the biochemical produced by regulator 
gene. The functioning of operon is stoppe 
When operator gene is covered. Promoter 
ene provides point of attachment to RNA 
polymerase required for transcription © 
structural genes. Structural genes transcribe 


mRNA for polypeptide synthesis. 


Lac operon of Escherichia coli is an inducible 
operon system which was discovered by 
Jacob and Monod (1961). 


It has three structural genes, z, y, and 
a. In the induced operon the structural 
genes transcribe a polycistronic mRNA 
which produces three enzymes. These are 
B-galactosidase, galactoside permease and 
galactoside transacetylase respectively. 


B-galactosidase brings about hydrolysis 
of lactose to form glucose and galactose. 
Galactoside permease is required for entry 
of lactose into the bacterium) Galactoside 
transacetylase can transfer acetyl group from 
acetyl CoA to B-galactoside. 


The substance whose addition induces the 
synthesis of enzyme is»called inducer. It is 
a chemical which attaches to repressor and 
changes its shape so that repressor cannot 
bind to operator. 


The repressor of lac operon is a tetrameric 
protein. It is made up of 4 subunits each 
having molecular weight of 40,000. If lactose 
is added, the repressor is rendered inactive 
so that it cannot attach to Operator gene and 
synthesis of mRNA takes place. 


Human Genome Project 


© 


With the establishment of genetic 
engineering techniques where it was Possible 
to isolate and clone any piece of DNA and 
availability of simple and fast techniques 
for determining DNA sequences, a ve 
ambitious project of sequencing human 
genome was launched in the year 1990 called 
as Human Genome Project. 


Some of the important goals of HGp were 
as follows : 
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genome; ; | | 
Store this information in data, 
Identify various genes that Causey 
r 
disorders. ` 
Improve tools for data ANalysic. 
Transfer related technologies , 
- sectors, such as industries: 
Address the ethical, legal, ang 
j issues (ELSI) that may arise fon 
project. 
The human genome project was coon; 
by the U.S. Department of Energ i is 
Drea Institute of Health. Addis, 
i M 
contributions came from Japan, Frat 
Germany, China and others, Q 
The basic strategies of human genome py, 
are mapping, sequencing and functi 
i 4 
analysis. 
Mapping is to prepare genetic and phy, 
maps of human genonie, 
Sequencing the entire genomic DNA, 
humans is limited because of limitations, 
the squencing techniques. 


Functional anaysis is to relate each gene wi 
its function. 


DNA Fingerprinting 


© 
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DNA fingerprinting involves identify 
differences in some specific regions in DN! 
sequence called as repetitive DNA, beam 
in these sequences, a small stretch of DNAi 
repeated many times. 


These repetitive DNA are separated fe 
bulk genomic DNA as different peaks dure 
density gradient centrifugation. The W 
DNA forms a major peak and the o% 
small peaks are referred to as satellite DM 
Depending on base composition (A:T rc! 
G:C rich), length of segment, and number * 
repetitive units, the satellite DNA is class™ 
'nto many categories, such as micro-satel™ 
M1N1-satellites etc. These sequences nom 
° oo Code for any proteins and show Ne 
Brec of Polymorphism hence fom © 
A Ngerprinting. 


Molecular Basis of Inheritance 


Minisatellites or Variable Number Tandem 


Repeat (VNTRs) are very specific in eacl 
individual and vary in number from i , 
to person but are inherited. Each ieo 
inherits these repeats from his/her pare ‘i 
which are used as genetic wart n l 
personal identity test. i 


The major steps in DNA fingerprinting are as 


follows : 


— 


— 


—- 


DNA is extracted from the cells. DNA 
can be amplified by PCR or polymerase 
chain reaction. 

DNA is cut into fragments with 
restriction enzymes. 

Chopped DNA fragments are passed 
through electrophoresis. The separated 
fragments can be visualised by staining 


them with a dye. 
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Double-stranded DNA is then split into 
single-stranded DNA using alkaline 
chemicals. 

DNA sequences are 


Separated 
transferred from gelontoa nitrocellulose 


or nylon membrane. 

The nylon sheet is then immersed 
in a bath, where probes or markers 
radioactive synthetic DNA segments of 
known sequences are added. The probe 
hybridises VNTR (Southern blotting). 
posed to the nylon 


bands at the probe 
nts are 


X-ray film is ex 
sheet gives dark 
sites. Thus hybridised fragme 
detected by autoradiography. 

helps in 


DNA fingerprinting 
I] as 


solving parentage dispute as we 


identifying criminals. 
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Name the transcriptionally active region of 
chromatin in a nucleus. (Delhi 2015) 
Name the negatively charged and positively 
charged components of a nucleosome. 


(Delhi 2015C) 
Name the specific components and 
the linkages between them that form 
deoxyguanosine. (AI 2013C) 
Name the two basic amino acids that provide 
positive charges to histone proteins. 

(Delhi 2012C) 


If the base adenine constitutes 31 percent of 
an isolated DNA fragment, then what is the 


expected percentage of the base cytosine in 
itt (Delhi 2011C) 


Name the positively charge proteins around 
which the negatively charged DNA is 


wrapped. (Al 2010C) 
How is thellength of DNA usually calculated? 
(AI 2009C) 
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Although a prokaryotic cell has no defined 
nucleus, yet DNA is not scattered throughout 


the cell. Explain. (2018) 


Describe the structure of a nucleosome. 
FÀ (Delhi 2017 


What is Central dogma ? Who proposed it? 


ne N 
“eerta (2/5, AI 2015C) 


F. * 
4 iata 


_ Draw a schematic diagra 









m ofa part of double 
stranded dinucleotide DNA chain having all 


a i ee ; 
nesa the four nitrogenous bases and showing the 
be tanto 


correct polarity. (Delhi 2012) 


49, (a) Draw a neat labelled diagram of a 
“nucleosome, 
(b) Mention what enables 


A f 
ei y e 


histones to 


acquire a positive charge. (AI 2012) 


How do histones acquire positive charge? 
EOR (Delhi 2011) 


J4. 


15. 


16. 


MEC CBSE Champion Biology ¢ p 
K 


-= 


following based 


r he 
Answer On 
, wn below. 
ginucleotide sho ; i 


A 
H H 
Pr E D—CE 
fh , (0 
(a) Nam€ the typ¢ of sugar guanine p, 
attached to. si 
(b)seName the linkage connecting the 
nucleotides: ` 
(c) Identify 


Give 4 reason 
Study the given POM" 


the 3’ end of the dinug 
for your answer. (Delhi 25). 

fr 
on of double stran, 


] nucleotide chain carefully. Identig, , 
it ‘ end of the chain. Yay 


cand the 5 
H 





OH 
(Al 2009 


(a) J-e m- RNA ——~> Proten 


Look at the above sequence and mention t 
events A, B and C. 
(b) What does central dogma state i 


molecular biology? How does it differ 1 
some viruses? (Delhi 20090 


NSAI! (3 marks) 


17. 


(a) A DNA segment has a total of 10 
nucleotides, out of which 240 are adenis 
containing nucleotides. How many pyrimi it 
bases this DNA segment possesses? 

(b) Draw a diagrammatic sketch of ? 


portion of DNA segment to support ie 
answer. (Delhi ai 


di 


Molecular Basis of Inheritance 


18. 


19. 


20. 


(a) A DNA segment ha 
nucleotides, out of ice 
containing nucleotides 
pyrimidine bases this segment 
(b) Draw a diagrammat; 

portion of DNA segment Ai 


answer. 
(a) A DNA segment has a Pag 2015) 
nucleotides, out of which 520 al of 2,000 
containing nucleotides. How are adenine 
bases this DNA segment nia Purine 


(b) Draw a diagrammat; 

, t , 

portion of DNA segment th Sketch of a 
support your 


answer. 
(Delhi 2015) 


a nucleosome. 
(Foreign 2014) 


a total of 1,500 
410 are guanine 


I 
tow many 
POSSesses? 


sketch of 2 
support your 


Draw a labelled diagram of 
Where is it found in a cel]? 


_ The base sequence in one of the Strands of 
O 


DNA is TAGCATGAT. 
(a) Give the base 
complementary strand. 
(b) How are these base pairs h 
ina DNA molecule? PEER ACEA ae 
(c) Explain the base complementarity rules 
Name the scientist who framed this rule | 
(Delhi 2011) 


sequence of its 





(a) What is this diagram representing? 

(b) Name the parts a, b and c. 

(c) In the eukaryotes the DNA molecules 
are organized within the nucleus. How is the 
DNA molecule organised in a bacterial cell 
in absence of nucleus? (AI 2009) 


(5 marks) 


23. 


(a) State the ‘central dogma as proposed by 
Francis Crick. Are there any exceptions to it? 
Support your answer with a reason and an 
example. 

(b) Explain how 
characterisation (nature 


Principle was determined, | 
defined from Griffiths experiments. 


the biochemical 
) of ‘Transforming 


d, which was not 
(2018) 
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24. (a) How are the following formed and involved 
in DNA packaging in a nucleus of a cell? 
(i) Histone octamer 
(iii) Chromatin 
(b) Differentiate between euchromatin and 
heterochromatin. (Delhi 2016) 
25; (a) Explain the chemical structure of a 
single stranded polynucleotide chain. 
(b) Describe the salient features of the 
double-helix structure of DNA molecule. 
(AI 2012C) 


the 


(ii) Nucleosome 


26. (a) Mention the contributions of 
following scientists: 
(i) Maurice Wilkins and Rosalind Franklin 
(ii) Erwin Chargaff 
(b). Draw a double-stranded dinucleotide 
chain with all the four nitrogen bases. Label 
the polarity and the components of the 
dinucleotide. (AI 2011C) 


6.2 The Search for Genetic Material 
PNM (mark) ——s—s—i‘—i‘is 


27. Why is RNA more reactive in comparison to 
DNA? (Delhi 2015C) 


EN (2 marks) _ 
28. Why is DNA considered a 
material? 


RJA (3 mark) oo 


29. Why is DNA a better genetic material when 
compared to RNA? (Delhi 2015C) 


30. Frederich Griffith claimed that R-strain 
Streptococcus pneumoniae had been 
transformed by heat-killed S-strain bacteria. 
Explain the findings. (AI 2012C) 


31. In a series of experiments with Streptococcus 
and mice F. Griffith concluded that R-strain 


bacteria had been transformed. Explain. 
(AI 2010) 


the role of °’S and 22P in the 
y Hershey and 
(AI 2010C) 





better genetic 
(AI 2013C) 


32. Explain 
experiments conducted b 


Chase. 


146 


LAN (5 marks) 


33. 


393. 


36. 


oT. 


38. 


99, 


40. 


4l. 


List the criteria a molecule that can act 3$ 
genetic material must fulfill, Which o”¢ 
of the criteria are best fulfilled by DNA oF 
by RNA thus making one of them a better 
genetic material than the other? Explain. 
(Delhi 2016) 
Answer the following questions based on 
Hershey and Chase experiments : 
(a) Name the kind of virus they worked 
with and why? 
(b) Why did they use two types of culture 
media to grow viruses in? Explain. 
(c) What was the need for using 4 
blender and later a centrifuge during their 
experiments? 
(d) State the conclusion drawn by them 
after the experiments. (Delhi 2016) 
(a) Describe the series of experiments of 
F. Griffith. Comment on the significance of 
the results obtained. 
(b) State the contribution of MacLeod, 
Mc Carty and Avery. (Al 2016) 
How did Hershey and Chase established that 


DNA is transferred from virus to bacteria? 
(Delhi 2015) 


(a) Describe the experiment which 
demonstrated the existence of “transforming 
principle’. 
(b) How was the biochemical nature of 
this “transforming principle” determined by 
Avery, MacLeod and McCarty? 

(Foreign 2015) 


How did Alfred Hershey and Martha Chase 
conclusively establish that DNA is the genetic 
material ? Explain. (Foreign 2015) 


How did Griffith prove transforming principle 
in genetics? Explain the procedure. 
(Delhi 2015C) 

Describe the Hershey and Chase experiment. 
Write the conclusion drawn by the scientist 
after their experiment. (AI 2014) 
(a) Describe the various steps of Griffith’s 
experiments that led to the conclusion of the 
transforming principle. 
(b) How did the chemical nature of the 
transforming principle get established? 

(AI 2014, 2013C) 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 





ore CBSE Champion Biology 0 
h 


’ 
” 


> "O a sj 
write the conclusion draw 


“+h at the end of = XPCrimen 
‘cus pneumoniae, 
How did O. Avery, C. Mag 
a McCarty prove that DNA wast 


material? Explain. 
me he scientists = who 
a + f 
à erimentally that DNA iS the a 
CAT arial Describe their experiment, Y 
me ' 
, (Delhi y 
Frederick Griffiths eyx a I 
CUS pneumoniae, Discus. 


C 
on Streptoc? i 
. ved at. . 
conclusion he arr (Delh; a 


Describe with help of labelled diagramy, 
the experiments conductey § 


hes , 
ei, and Chase. Write the in 
faa 
drawn by them. (Delhi 20x 


How did Alfred Hershey and Martha Oh 
t 


4 
Leg 
he A 


Describe 


fere ' 


ive at the conclusion that DNA is 
Chay 


arr 

genetic material? 

(a) Describe 

experiment. 

(b) Write the aim of the experiment, 
(Delhi 2011 


following 


Hershey and 


How were the 

experimentally? Explain. 
(a) Biochemical nature of the transformiy 
principle of Griffiths experiment. 
(b) DNA is the genetic material. (AI 2010 


(a) Explain the experiment performed} 

Griffith on Streptococcus pneumoniae. Why 

did he conclude from this experiment? 

(b) Name the three scientists who follow 

up Griffiths experiments. 

(c) What did they conclude and how? 
(Delhi 2003 


How did Hershey and Chase prove that DN 
is the hereditary material? Explain the! 
experiment with suitable diagrams. 
(Delhi, AI 200° 
(a) How did Griffith explain the tr 
formation of R strain (non-virulent) bacte” 
Into S strain (virulent)? 
(b) Explain how MacLeod, McCarty vs 
Avery determined the biochemical nature’ 
the molecule responsible for transform 
R strain bacteria into S strain bacteria. | 
(A1 20° 


Prove 


Molecular Basis of Inheritance 


6.3 RNA World 


SAI (2 marks) 


52. Make a labelled dia 
dinucleotide showing it 


ESAIT (3 marks) 
3. 


53. Describe the structure of a RN; 
polynucleotide chain having four dj A 
types of nucleotides. 


oe of an RNA 
s3 -5 polarity. 
(AI 2010C) 


fferent 

(Delhi 2013) 

54. Itis established that RNA is the first eneti 
material. Explain giving three S S 


(Delhi 2012) 
6.4 Replication 


BAM mak o 


55. Write the dual purpose served by deoxyribo- 
nucleoside triphosphates in polymerisation. 
(2018) 

56. Name the source of energy for the replication of 
DNA. (1/3, Delhi2015C) 

57. Why is it not possible for an alien DNA to 
become part of chromosome anywhere along 

its length and replicate normally? (AI 2014) 

58. What will happen if DNA replication is not 
followed by cell division in a eukaryotic cell? 

(AI 2014C) 

59. Name the enzyme and state its property 
that is responsible for continuous and 
discontinuous replication of the two strands 

ofa DNA molecule. (Delhi 2013) 

60. Name the enzyme that joins the small 
fragment of DNA of a lagging strand during 
DNA replication. (Delhi 2013C) 

61. Name the enzyme involved in the continous 
replication of DNA strand. Mention polarity 

of templet strand. (AI 2010) 


EES (2 marks) a — 


yme DNA ligase 


62. Discuss the role, the enz | 
plays during DNA replication. (Delhi oie 

63. Show DNA replication with the help 
(Delhi 2014C) 


diagram only. 
64. Draw a neat labelled sketch of a 
fork of DNA. aii 






4 
-h 






licating | 
2012 
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65. State the dual role of deoxyribonucleoside 
triphosphates during DNA replication. 


(Delhi 2011) 
SAIN (3 marks) 


66. Describe the experiment that helped 
demonstrate the semi-conservative mode of 
DNA replication. (Delhi 2016) 


67. How was a heavy isotope of nitrogen used 
to provide experimental evidence to semi- 
conservative mode of DNA-replication? 

(Foreign 2015) 


68. Describe Meselson and Stahl’s experiment 
to prove that the DNA replication is semi- 
conservative. (3/5, AI 2015C) 


69. (a) Why did Meselson and Stahl use '4N 
and !°N isotopes in the sources of nitrogen 
present in the culture medium in their 
experiment? Explain. 

(b) Write conclusion drawn by the them 
from the experiment. (Delhi 2012C) 


70. Why do you see two different types of 
replicating strands in the given DNA 


replication fork? Explain. Name these 
strands. 
7” S 
J" 
A 
yg 53 (Delhi 2011) 


71. Answer the following questions based on 
Meselson and Stahl’s experiment: 
(a) Write the name of the chemical 
substance used as a source of nitrogen in the 
experiment by them. 
(b) Why did the scientists synthesise the 
light and the heavy DNA molecules in the 
organism used in the experiment? 
(c) How did the scientists make it possible 
to distinguish the heavy DNA molecule from 
the light DNA molecule? Explain. he 

: (d) Write the conclusion the scientists 
digi ra ‘at after completing the experiment. 
a a e os. (AT 2011) 


{law ~ ‘ Fo, 
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tae 


7S, 


74, 


75. 


EUN] (5 marks) 


76. 


77. 


78. 


79. 


(a) Identify the 


80. 
‘ Polarity at \ and B 
respectively in the f j 


Bure given below. 


Template DNA 
(parental strands) 


\ 


A B 
Newly synthesised en 
, strands 
(b) Explain the mechanism the figure 
represents, (AI 2011C) 
Explain the mechanism of D 


NA replication 
eplication said to 

(AI 2010C) 
Schematic sketch of 
of DNA. Explain the role of 
volved in DNA replication. 
(Delhi 2009) 


A replication occur in 
plication forks and not in its entire 


in bacteria. Why is DNA r 
€ SeMiconservative? 
Draw aq labelled 
replication fork 
the enzymes in 


(a) Why does DN 
small re 


length? 


(b) Why is DNA replication continuous 
and discontinuous ina replication fork? 
(c) Explain the im 


replication in a replication fork. (AI 2009C) 


(a) Namethe sta 
replication occur. 
(b) Explain the 
replication, Highligh 
the process. 


(c) Why is DNA replication said 


ge in cell cycle where DNA 


mechanism of DNA 
t the role of enzymes in 


to be semi- 
conservative? (Al 2016) 
Describe Meselson and Stahl’s experiment 
that was carried in 1958 on E. coli. Write 
the conclusion they arrived at after the 
experiment. (AI 2016) 
(a) Drawalabelled diagram ofa replicating 
fork” showing the polarity. Why does DNA 


replication occur within such ‘forks’? 
(b) Name two enz 
process of DNA repli 
properties. 


ymes involved in the 
cation, along with their 
(AI 201 5) 86 


ation with 
lhi 2015C) 


Explain the process of DNA replic 
the help of a replicating fork. (De 


81. 
/ N 


portance of ‘orgin of 83. 


85. 


- Who Proposed 
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C 


ty, 
(a) Explain the process of DNA 
a eog 


with the help of a schematic diagran ty, 
(b) In which phase * the cell © cle 

replication occur n eukaryotes? Wha, dà, 
happen if cell-division IS not fo 
DNA replication. | (Delp N 
Describe Meselson and Stahl Per ly 
and write the conclusion they arrived ; te, 


llo We Maly 


„7 reign 20; 
3 5 


í 


z’ 
(a) Identify the structure shown above 
(b) Redraw the structure as ą replica, 
fork and label the parts. R 
(c) Write the source of energy for 
replication and list the enzymes involve " 
this process. 


(d) Mention the difference in the Synthe, 
based on the polarity of the two 


strands. (Al 2013¢, 
How did Meselson and Stahl experimental, 


prove that DNA replication İS sem 
conservative? Explain. (Al 20) 30 


© Meselson ay 
(Delhi 201) 
id Meselson and Stahl obser 


State the aim and describ 
Stahl's experiment. 

(a) What d 
when 


(i) they cultured E. coli in a medium 
containing '5NH,CI for a few 


generations and centrifuged tk 
content? 


(ii) they transferred One such bacterium 
to the normal medium of NH,CI and 
cultured for 2 generations? 

(b) What did Meselson and Stahl conclu 


from this experiment? Explain with the hes 
of diagrams. 


(c) Which is the 


first genetic material? Gi" 
reasons in suppor 


t of your answer. 
(Delhi 20° 
that DNA replication is se™ 

conservative? 


How was it experiment?! 
Proved by Meselson and Stahl? (AI 200% 


w ” A on ý 
" i elas 4 what 
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6. 


5 Transcription 


GY (1 mark) 


87. 


What is a cistron? 


(AI 2015 
g8. Write the function of RNA polymerase I] 
ell, 
(Foreign 2015) 
g9. Name the enzyme that transcribes hnRNA in 
‘ tes. 

ieee is (Delhi 2015C) 

90. Differentiate between exons and introns 


91. 


92. 


93. 


94. 


95. 


96. 


(1/3, AI 2015C) 


mae and Sigma factor 
act as initiation factor during transcription 


in a prokaryote? (Delhi 2013C) 
Which one of an intron and an exon is the 


Which one out of Rho factor 


reminiscent of antiquity? (AI 2013C) 
Why hnRNA is required to undergo splicing? 
(Delhi 2009) 


Mention the two additional processing which 
hnRNA needs to undergo after splicing sovas 
to to become functional. (Delhi 2009) 


When and at what end does the ‘tailing’ of 
hnRNA take place? (AI 2009) 
At which ends do ‘capping’ and ‘tailing of 
hnRNA occur respectively? (Foreign 2009) 


ESAIT (2 marks) 


97. 


98. 


99. 


100. 


101. Differentiate between a cistron 


Differentiate between a template strand and 
coding strand of DNA. (2⁄3, Delhi 2015C) 


State the difference between the structural 
genes in a transcription unit of prokaryotes 
and eukaryotes. (AI 2014) 
A template strand is given below. Write down 


the corresponding coding strand and the 
mRNA strand that can be formed, along with 


their polarity. 

3’ ATGCATGCATGCATGCATGCATGC 5 
(Foreign 2014) 

State the functions of the following in a 

prokaryote: 

(a) tRNA 

(b) rRNA (2/3, AI 2012) 
and an exon. 


(AI 2012C) 






~ ne 
taf > x 


102. 
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Differentiate between exons and introns. 
(AI 2012C) 


ESAT (3 marks) 


103. Write the help of a schematic diagram, 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


. Describe 


explain the location and the role of the 

following in a transcription unit: 

Promoter, Structural gene, Terminator. 
(Delhi 2014C) 

(a) What are the transcriptional products 

of RNA polymerase III? 

(b) Differentiate between ‘Capping’ and 

‘Tailing’ 

(c) Expand hnRNA. (AI 2014C) 

(a) Construct a complete transcription unit 

with promotor and terminator on the basis 

of the hypothetical template strand given 

below: 


A T GCA TGCA TAC 


(b) Write the RNA strand transcribed from 
the above transcription unit along with its 
polarity. (Delhi 2012) 


Describe with the help of a schematic 
representation the structure ofa transcription 
unit. (3/5, AI 2012C) 
(a) Name the enzyme that catalyses the 
transcription of hnRNA. 

(b) Why does the hnRNA need to undergo 
changes? List the changes hnRNA undergoes 


and where in the cell such changes take place. 
(AI 2011) 


Monocistronic structural genes in eukaryotes 
have interrupted coding sequences. Explain. 


How are they different in prokaryotes? 
(Delhi 2011C) 


Differentiate between the following: 


(a) Promoter and terminator in a 
transcription unit. 
(b) Exon and intron in an unprocessed 


eukaryotic mRNA. (AI 2011C) 
Describe the process of 
transcription in bacteria. (Delhi 2010) 
the elongation process of 
transcription in bacteria. (AI 2010) 


initiation 
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112. (a) Draw a schematic representation ne 
structure of a transcription unit and $ 
the following in it: aton 
(i) Direction in which the transcrip 

Occurs 
(ii) Polarity of the two strands involved 
Gii) Template strand 
(iv) Terminator gene 7 
(b) Mention the function of ae 
in transcription. (AT 206 l 

113. (a) Draw a schematic representation A 
transcription unit showing the polarity o 
both the strands. Label the promoter gene 
and the template strand. 


(b) Mention the condition when template 
strand becomes coding strand. 


tc) Give the function of the promotor gene. 


(AI 2009C) 
OLA) (5 marks) 


114. (a) Describe th 
bacteria. 


(b) Explain the processing the hnRNA 
needs to undergo before becoming functional 
mRNA of eukaryotes. (AI 2016) 


LIS. Explain the process of transcription in 
prokaryotes. Howđis the process different in 


© process of transcription in 


eukaryotes? (AI 2015) 
116. Explain the Process of transcription jn 

eukaryotes. (Foreign 2015) 
117. Describe the Process of transcription jn a 

bacterfum. (Al 2014C) 
118. (a) [Describe 


this process of s 
fully fünctional mRNA in a euk 


(b) Howik the proc 
different from 


ynthesis of 
aryotic cell, 


ess of MRNA synthesis 
that in prokaryotes? 


(Al 2012) 
119, (a) Des, ribe the Process Of transcription in 
prokaryotes, 
(b) Mention how is the Process different i 
eukaryotes, (Al 2012C) 
6.6 Genetic Code 
(1 mark) 
120. Give an exam 


function. 


121. How does a degenerate 
unambiguous one? 








133, (4) 


z CBSE Champion Biology Ch, 
cific features of the Benet;, 
peci Co 
l (1/5, Al) 1 

AUG. the role of the codons A ; J 
123. pee protein synthesis, (Delhi ag 

oie two functions of the Codon Ae’ 
124. Ment! 


G, 
EE o marks) 


Differentiate between the genetic Codes gh 
125, Dite 


below : 
(a) Unambiguous and Universal] 


(b) Degenerateand Initiator ( 


122. Write the s 





) tures of genet; 
126. Following are the fea Fes of genetic code 
What does each one in icate’ 
Stop, codon; Unambiguous Sód 


| On 
Degenerate codon; Universal codon, 
(AI 2016 


SUB Rested 
Made of | 


127. (a) Name the scientist who 
that the genetic code should be 
combination of three nucleotides. 


(b) Explain the basis on Which he arrived y 
‘this conclusion. (Delhi 20) { 


(Foreign 2014) 
universal and 
about them, giving one 

(2/5, AI 2013) 


ine tructure of a tRNA and state 
Why it is known as an adaptor molecule. 

(2/5, Al 20120) 

al function of AUG codon 

E uence of bases it is transcribed 

rom and ts anti odon, (AT 2009 

'Y of codons UGA belongs 

{other codon of the samt 

XPlain their role in protei 


(Foreign 2009) 


catego 
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a) Name the enzym . 
(virion a RAA aan sible for the 
the initiator RNA gets linked with. 
(b) Explain the role of initiator tRNA in 
initiation of protein synthesis. (Delhi 2012) 
nambiguous, universal a 
5 some of the terms used for the gente code 
Explain the salient features of each one af 
them. (AI 2011) 
136. (a) Name the scientist who called RNA as 
an adaptor molecule. 
(b) Draw a clover leaf structure of tRNA 
showing the following: 
(i) Tyrosine attached to its amino acid site. 
(ii) anticodon for this amino acid in its 
correct site (codon for tyrosine is UAC). 
(c) What does the actual structure of tRNA 
look like? (AI 2011) 
137. Correlate the codons of mRNA strand with 
amino acids of a polypeptide translated. 
5 AUGACCUUUCAUUCGUGUAA 3’ 
— mRNA 
Met- Thr-Phe-His-Ser-Cys. 
— Translated polypeptide 
Infer any 3 properties of genetic code with 
examples from the above information. 
(Delhi 2010C) 
138. (a) How many codons code for amino acids 
and how many do not? 
(b) Explain the following giving one 
example of each: 
(i) unambiguous and specific codon 
(ii) degenerate codon 
(iii) universal codon 
(iv) initiator codon (AI 2010C) 
139. (a) Why is tRNA called an adaptor? 
(b) Draw and label a secondary structure 
of tRNA. How does the actual structure of 
(RNA look like? (AI 2010C) 
140. Identify giving reasons, the salient features 
of genetic code by studying the following 
nucleotide sequence of mRNA strand and 
the polypeptide translated form it. 
AUG UUU UCU UUU UUU UCU UAG 


Met - Phe - Ser - Phe - Phe - Ser 
(Delhi 2009C) 


SLA (Smarks) 


141. (a) Describe the structure and function of 
a tRNA molecule. Why is it referred to as an 
adapter molecule? 


151 


(b) Explain the process of splicing of 
hnRNA in a eukaryotic cell. (AI 2017) 
142. (a) What is a genetic code? 


(b) Explain the following : 
Degenerate code; Unambiguous code; 
Initiator code. (Delhi 2014C) 


6.7 Translation 


EEM 0 marb —— 


143. Write the two specific codons that a 
translational unit of mRNA ‘is flanked by one 
on either sides. (AI 2015C) 

144. Which one of the two sub-units of ribosome 
encounters an mRNA? (Delhi 2013C) 


SAIS (2 marks) 


145. What isaminoacylation? State its significance. 
(AI 2016) 


146. State the functions of ribozyme and release 
factor in protein synthesis respectively. 
(AI 2015C) 
147. Where does peptide bond formation occur 
in a bacterial ribosome and how? 
(Foreign 2014) 
148. Explain aminoacylation of tRNA. 
(Delhi 2014C, 2/5, AI 2013) 
149. Mention the role of ribosomes in peptide- 
bond formation. How does ATP facilitate it? 


(AI 2010) 
150. How is the translation of mRNA terminated? 
Explain. (Delhi 2009) 


EE (3 marks) 


151. How do the initiation and termination 
of translation process occur in bacteria? 
Where are untranslated regions located in an 
mRNA? Mention their role. 


(AI 2010C) 
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(a) Identify the polarity from a to a’ in the 
above diagram and mention how many more 
amino acids are expected to be added to this 
polypeptide chain. 

(b) Mention the DNA sequence coding for 
serine and the anticodon of {RNA for the 
same amino acid. 

(c) Why are some untranslated sequence 
of bases seen in mRNA coding for ê 


polypeptide? Where exactly are they present 
on mRNA? (Foreign 2009) 


(5 marks) 
153. How do mRNA, tRNA and ribosomes help 
in the process of translation? (Al 2015) 


154. Name the major types of RNAs and explain 
their role in the process of protein synthesis 
in a prokaryote. (Foreign 2014) 


155. Explain the process of translation. 
(Delhi 2014C) 


6.8 Regulation of Gene Expression 


(Imark)  —  — ——— A 


156. Differentiate between the following: 
Inducer and repressor in lac operon. 


(1/3; Delhi 2011C) 
EA (2 marks) 


157. How would lac operon operate in E. coli 
growing in a culture medium where lactose 
is present as source of sugar? (AI 2014C) 


58.[i [p |od [rle 


Given above is a schematic representation 
of the lac operon in E.coli. What is the 
significant role of ï gene in switching on or 
off the operon? 
(AI 2013C) 
159. Study the figure given below and answer the 
question: 


a [Pte] Tztyie} 






l 


mRNA eer ac 
| | | mRNA 
vere wore Ca Gd 
ax 
inactive 
repressor 
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L 


repressor molecule Molec 
la 


(a) How does the 
nactivated’ 
when 
mRNA stop! 
(c) Name ' 


gene "Z. 


‘ f ti 165. | 
does the transcription of k 


he enzyme transcribed b 
Delh; g 
( elhi 2005, 








Transcription 


~~ H_ tac 
4 4 ` ation 


maA A A En, 


mRNA AN 





x—> 
Inducer 
(a) Name the molecule ‘X’ synthesise, 
by ‘i gene How. does this molecule x 
inactivated? 
(b) Which one of ov structural geng 6 
codes for B-galactosidase: 
(c) When will the transcription of this per 
(AI 200, 16 


stop? 


ESAT (3 marks) 
l 16 


161. How are the structural genes inactivated in 
lac operon in E.coli? Explain. (Delhi 2012) 


162. Given below is a schematic representation of 1 
lac operon: 
-r pI- br) , 
NANA 


Q 


(a) Identify i and p. 
(b) Name the ‘inducer’ for this operon and 
explain its role. (Foreign 2011) 


163. Explain the role of regulatory gene in a lat 
operon. Why is regulation of lac operon 
called negative regulation? ( Delhi 20100 


164. A considerable amount of lactose is added 
to the growth medium of E. coli. How 5 
the lac operon switched on in the bacteri? 


Mention the state of the operon when lactos 
1S digested? (Al 2010 


J 


ae 
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168. 


169. 


170. 


171. 


W—~ 


| 


MC) 
(a) Name the molecule ‘M’ that binds with 
the operator. 
(b) Mention the consequences of such 
binding. 


(c) What will prevent the binding of 


the molecule ‘M’ with the operator gene? 
Mention the event that follows. 


(Foreign 2009) 


LAME marks) 


166. 


Write the different components of a lac- 
operon in E. coli. Explain its expression while 
in an ‘open state. (AI 2017) 


7. Explain the role of lactose as an inducer in a 


lac operon. (Delhi 2016) 


Sketch a schematic diagram of lac operon 
in switched on position. How is the operon 
switched off? Explain. (AIl2015C) 


Describe how the lac operon operates, both 
in the presence and absence of an inducer in 
E. coli. (AI 2014) 


il p jolz}iy fa’ 


Given above is the schematic representation 
of lac operon of £. coli. Explain the 
functioning of this operon when lactose 
is provided in the growth medium of the 
bacteria. (Delhi 2013C) 


(a) State the arrangement of different genes 
that in bacteria is referred to as ‘operon. 

(b) Draw a schematic labelled illustration 
of lac operon in a ‘switched on state. 


(c) Describe the role lactose in /ac-operon. 
(Al 2011) 


6.9 Human Genome Project 


EJ (1 mark) 


172. 


Write the scientific importance of single 
nucleotide polymorphism identified in 
human genome. (1/5, Foreign 2014) 


153 
° . 5 sea n S a 1 
173. Mention the contribution of genetic eo $ 
human genome project. (Al 2 
174. Mention any two ways in which ot 
Nucleotide Polymorphism (SNPs) identifie 


in human genome can bring revolutionary 
al sciences. 


change in biological and medic 
(Al 2011C) 


ESAI (2 marks) 


175. Which human chromosome l (a) 
maximum number of genes, and which one 
has (b) fewest genes? (2/5, Foreign 2014) 
176. Expand ‘BAC’ and “¥AC, Explain how they 


are used in sequencing human genome. 
(Delhi 2011C) 


has 


SATIS (3 marks) 


177. (a) List the two methodologies which were 
involved in human genome project. Mention 
how they were used. 

(b) Expand ‘YAC’ and mention what was it 
used for. (Al 2017) 
(a) What do ‘Y’ and ‘B’ stand for in ‘YAC’ 
and ‘BAC’ used in Human Genome Project 
(HGP). Mention their role in the project. 

(b) Write the percentage of the total 
human genome that codes for proteins and 
the percentage of discovered genes whose 
functions are known as observed during 
HGP. 

(c) Expand ‘SNPs’ identified by scientists in 
HGP. (AI 2016) 


In human genome which one of the 
chromosomes has the most genes and which 
has the fewest? (AI 2009) 


6.10 DNA Fingerprinting 
(Imark) 


180. How is repetitive/satellite DNA separated 
from bulk genomic DNA for various genetic 


178. 


179. 


experiments? (Delhi 2014) 
181. How does DNA polymorphism arise in a 
population? (Delhi 2014) 


"SAT (2 marks) 


182. Write the full form of VNTR. How is VNTR 
different from ‘Probe’? (AI 2011) 
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ESATE (3 marks) 


183. (a) Expand VNTR and describe its role 1N 
DNA fingerprinting. 
(b) List any two applications of DNA finger 
printing technique. (2018) 
burnt 
ident. 
e that 


184. A number of passengers were severely 
beyond recognition during a train acc 
Name and describe a modern techniqu 


can help in handing over the dead to their 
relatives. (Delhi 201 7) 


185. Following the collision of two trains a large 
number of passengers are killed. A majority 
of them are beyond recognition. Authorities 
want to hand over the dead to their relatives. 
Name a modern scientific method and 
write the procedure that would help in the 
identification of kinship. (Delhi 2015) 


186. “A very small sample of tissue or even a drop of 
blood can help determine paternity”. Provide 


a scientific explanation to substantiate the 
statement. (AI 2015) 


187. Explain the significance of satellite DNA in 
DNA fingerprinting technique. (AI 2015) 


188. A burglar in a huff forgot to wipe off his 
blood-stains from the place of crime where 
he was involved in a theft and fight. Name 
the technique which can help in identifying 
the burglar from the blood-stains. Describe 
the technique. (AI 2013) 


189. Insa maternity clinic, for some reason, the 
authorities are not able to hand over the two 
new-born babies to their respective parents. 
Name and describe the technique you would 
suggest to sort out the matter. (AI 2013) 


190. (a) Explain DNA polymorphism on the 
basis of genetic mapping of human genome. 


gas CBSE Champion Biolog 


the role of VNTR 
ung. | 


State 


Gn yerprin | | 
on following is the flow chart hip 
191. the steps in DNA fingerprinting te 


Identify a b» © panas 
Isolation of oe from blood, 


Cutting ean by 4y 


Separation of DNA fragment, 
electrophoresis using ‘y 


Transfer (blotting) ° fragments tc 
DNA splits ~~ single stran 
Introduction of labelled g Dro 

‘e’ of single — with g 


Detection of banding pattern by 
(Delh; 


192. What are satellite DNA in a genome 
their role in DNA fingerprinting. (; 


WW (5 marks) 


193. (a) Differentiate between repetiti 
satellite DNA. 
(b) How can satellite DNA be i 
Explain. 
(c) List two forensic applications ¢ 
fingerprinting. (Delhi 
194. Name and describe the technique t! 
help in solving a case of paternity 


over the custody of a child by two d 
families. (Al. 





1. Euchromatin is the transcriptionally active 
region of chromatin in a nuclecus. 

2. The negatively charged and positively 
charged components of a nucleosome are DNA 
and histones respectively. 

3. The specific components that form 
deoxyguanosine are guanine (nitrogenous base) 
and deoxyribose (pentose sugar) linked together 
by glycosidic bond. aiii 






ey! Therefore, [C] 


4. Lysine and arginine are the two bas 


acids that Provide positive charge to} 
Proteins. 


5. According to Chargaff’s rule, 
[A] + [G] = [C] + [T] = 50% 
Therefore, if [A] = 31%, then [T] = 31% 


= 50% — 31% = 19% 


ww 
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6. HHistones are the positively charged proteins 
around which negatively charged DNA is 
wrapped. 

7, Length of DNA segment is usually calculated 
py finding the number of base pairs and 
multiplying it by the distance between adjoining 
base pairs. 

g. In prokaryotes, DNA lies in the cytoplasm 
which is supercoiled (coiled and recoiled) with 
the help of RNAs and non-histone basic proteins 
jike polyamines. DNA being negatively charged 
iş held in place with the help of these proteins 
that have positive charges in a region termed as 
nucleoid. The DNA in nucleoid is organised in 
large loops held by proteins. 


9, DNA packing in eukaryotes is carried 
out with help of lysine and arginine rich basic 
proteins called histones. The unit of compaction 
is called nucleosome. There are five types of 
histone proteins - H,, H,A, H,B, H, and Hy. Four 
of them (H-A, H-B, H; and Hy) occur in pairs to 
produce histone octamer, called nu body or core 
of nucleosome. Their positively charged ends 
are towards the outside. They attract negatively 
charged strands of DNA. DNA over nu body 
forms 134 turns to form nucleosome core. A 
typical nucleosome contains 200 bp of DNA 
helix. DNA connecting two adjacent nucleosomes 
is called interbead.or linker DNA. It bears H, 
histone protein.Nucleosome.chain gives a beads- 
on-string appearance. 


10. Concept of central dogma was proposed by 
Crick in 1958. It refers to the flow of information 
from DNA to mRNA (transcription) and then 
decoding the information present in mRNA in 
the formation of polypeptide chain or protein 
(translation). 


11. Diagrammatic representation of double 
stranded DNA chain having all four nitrogenous 
base and showing correct polarity is as follows : 
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12. (a) Diagram of nucleosome is as follows: 
DNA 


re” 
gee. ee" Core complex or 
` | histone octamer 


\ A d g Ea (HA, HB, H; and H4) 
< iik nT O S P, E. j 
n a T 
tee i 
SS 
~S m aii 
D a 


Exterior histone 
(H, histone) 
(b) Histones are rich in basic amino acids lysine 
and arginine, hence they are positively charged. 


13. Refer to answer 12 (b). 


14. (a) Guanine base is attached to a pentose 
sugar. 

(b) Two nucleotides are linked through 3-5 
phosphodiester linkage to form a dinucleotide. 
(c) ‘B’ is the 3’ end of the given dinucleotide. It 
is because 3’ end of a nucleotide molecule bears a 
free 3’ — OH group of sugar residue and the 5’ end 
bears phosphate radical (5° - P). 


15. a- Hydrogen bond 

b — Purine i.e. adenine or guanine 

c - Pentose sugar (deoxyribose sugar) 

d is the 5’ end of the chain. 

16. (a) A- DNA replication 

B — Transcription 

C - Translation 

(b) Central dogma in molecular biology states 
that the flow of information first occurs from 
DNA to mRNA by the process of transcription 
and then the information present in mRNA is 
decoded for the formation of polypeptide chain 
by the process of translation. 

Central Dogma differs in retroviruses e.g., HIV, 
etc. where it is called central dogma reverse 
(inverse flow of information). RNA of these 
viruses first synthesises DNA through reverse 
transcription. DNA then transfers information 
to RNA which takes part in translation of coded 
information to form a polypeptide. 


17. (a) According to Chargaff’s rule, 
[A] + [G] = [C] + [T] 

Also [A] = [T] and [C] = [G] 

As [A] = [T], therefore [T] = 240 
[A] + [T] = 240 + 240 = 480 


Gh ° 7 p f 
5 IANA n or 
sag ORDRE 2, sty 
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As total number 


Of nucleotides = 1000, 
therefore [IG] + | 


C} = 1000 - 480 = 520 


IG] = [C] 
therefore, [G] = [C] = pee =260 
Thus, 


total number of pyrimidines. 
i.e. [C] + [T] = 260 + 240 = 500 
(b) Refer to answer 11. 


18. (a) Cytosine and thymine are pyrimidines. 
According to Chargaff’s Rule, purines and 
pyrimidine base pairs are in equal amount, 
theretore 
Total nucleotides = 1500 

[A +G+C+T] = 1500 

[A] = [T] and [G] = [C] 

Guanine = 410 

Therefore, A + 410 + 410 + T = 1500 

A + T + 820 = 1500 

A + T = 1500 - 820 

A + T= 680 


T= — = 340 


Therefore, total pyrimidine, 
C + T = [410 + 340] = 750 
(b) Refer to answer 11. 


19. (a) According to Chargaff’s rule, 
[A] + [G] = [C] + [T] 

Also [A] = [T] and [G]& [C] 

As [A] = [T], therefore [A] >[T] = 520 
[A] + [T] = 520 + 520 = 1040 

As total number of nucleotides = 2000 

therefore, [G] + [C] = 2000 - 1040 = 960 

960 

[G] =] = ) = 480 

Thus, total number of purines i.e. 
[A] + [G] = 520 + 480 = 1000 

(b) Refer to answer 11. 

20. Refer to answer 12 (a). 


21. (a) ‘Thebase sequence of the complementary 
strand is ATCGTACTA. 

(b) The base pairs ina DNA molecule are held 
together by hydrogen bonds. 

(c) Base complementarity rules or Chargaff’s 
rules are the important generalisations made 
by Chargaff (1950) on the bases and other 
components of DNA. These rules are as follows: 
(i) Purine and pyrimidine base pairs are in 
equal amount, that is, 

adenine + guanine = thymine + cytosine. 
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adenine is alwa.. 
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i er deoxy"! JOSC SPhate a 
(iii) Sugar 


- pons. 
, roport! 
uimolar P ; e rarely equal h 
(iv) A-T base pairs #5 1 PE 


pairs. jab) 
| — is variable byt 
> patio of —— r ie 
(v) The rat [G+C] : 
It can be used to identify the , 
s low in primitive Orpa, 
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a species. nt 
in, ) The ratio ! | 
4 d higher in advanced ones. 
a (a) The diagram represents the struct. 

<leosome. 
(b) a = Histone octamer 
b= DNA molecule 
c= Linker DNA Ea 
(c) Ina bacterial cell, DNA lies in ç 
It is supercoiled with the help of RNA, 
non-histone basic proteins like polyamine > 


compacted mass of DNA is called as nuclersy 


23. (a) Francis Crick (1958) proposed ‘Com 


dogma ‘in molecular biology which state, 
the flow of information first occurs from py, 


mRNA by the process of transcription anj N 
the information present in MRNA is decode, 
the formation of polypeptide chain by the pzs 
of translation. The central dogma sugges; ¿ 
DNA contains the information needed to = 
all of our proteins, and that RNA is a mess 
that carries this information to ribosome ^ 
ribosomes serve as factories in the cell wher: 
information is translated from a code in: 
functional product. 


Translation 
> MRNA 


Transcription 
DNA ———— 


Reverse transcription 
Yes, central dogma differs in retroviruses: 
HIV, etc. where it is called central dogma r” 
(inverse flow of information) i.e., from RY 
DNA. RNA of these viruses first synthe: 
DNA through reverse transcription and © 
then transfers information to RNA whid” 


part in translation of coded information ©” 
a polypeptide. 
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(b) In 1928, Frederick Griffith performed 

transformation experiment using Streptoe dies 
neumoniae. When he injected heat ice 
virulent S strain along with naaeile | si 
strain in Mice, then the mice died. It sh n dass R 
something from dead S strain o a 
non-virulent R strain into virulent oe i iad 


Ly a i uri 
the course of his experiment, ng 


a living organi 
(bacteria) had changed in physical i c 
“ . IS 


phenomenon wos called transformation by him. 
He concluded that the R strain bacteria had 
somehow been transformed by the heat-killed S 
strain bacteria. Some ‘transforming 
principle, transferred from the heat-killed S strain, 
had enabled the R strain to synthesise a smooth 
polysaccharide coat and become virulent. This 
must be due to the transter of the genetic material. 
However, the biochemical nature of genetic 
material was not defined from his experiments. 
Now, Avery, MacLeod and McCarty worked to 
determine the biochemical nature of transforming 
principle in Griffiths experiment. They later 
purified biochemicals (proteins, DNA, RNA; ete.) 
from the heat-killed S cells to see which ones could 
transform live R cells into S cells. They, discovered 
that DNA alone from S bacteria caused R bacteria 
to become transformed. They also discovered 
that protein-digesting enzymes (proteases) and 
RNA-digesting enzymes (RNases) did not affect 
transformation. Digestion with DNase did inhibit 
transformation, suggesting that the DNA caused 
the transformation and they.concluded that DNA 
is the hereditary material. 
24. (a) (i) Histone octamer Histones are 
positively charged proteins, rich in basic amino 
acid residues lysines and arginines. These amino 
acids carry positive charges on their side chains. 
There are five types of histone proteins : H1, HA, 
H,B, H, and H,, Four of them (H,A, H-B, H, and 
pairs to from a unit of eight 
molecules called histone octamer, nu body or core 
of nucleosome. Negatively charged DNA wraps 
around this octamer to form nucleosome. | 
(ii) Nucleosome : It is the compaction unit. 
The positively charged ends of histone poet He 
attract the negatively charged strands of ~ ly 
The DNA is thus wrapped around the positively 
charged histone octamer to forma 


nucleosome. Ar 


H,) are organised in 


structure called  (C-N- 


ound 200 bp of DNA is w ped | 
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| 3 
around the nu body or histone octamer for 1f 


turns. DNA connecting two adjacent nucleosomes 
is called linker DNA which bears H1 histone 
protein. Nucleosome and linker DNA together 
constitute chromatosome. Nucleosome chain 
gives a bead on string appearance under electron 
microscope. 

(iii) Chromatin : The nucleosomal organisation 
has approximately 10 nm thickness, which 
further gets condensed and coiled to produce 
a solenoid (having 6 nucleosomes per turn) of 
30 nm diameter. This 'solenoid structure further 
undergoes coiling to produce a chromatin fibre 
of 30-80 nm thickness. These chromatin fibres are 
further coiled and condensed to form chromatid 
which further forms chromosome at metaphase 
stage of cell division. 


The packaging can be summarised as follows : 
DNA Nucleosome — Solenoid — Chromatin 
fibre 


(2nm (10 nm (30 nm (30-80 nm 
diameter) diameter) diameter) diameter) 
Chromatid 
(700 nm diameter) 
L 
Chromosome 


(1400 nm diameter) 
(b) The differences between euchromatin and 
heteruchromatin are as follows : 












Heterochromatin 





These are the regions 
where chromatin is 
densely packed. 


These are the 
regions where 
chromatin is 
loosely packed. 
























(ii) 
(iii) 


It stains lighter. 

















It is transcriptionally 
inactive or late 
replicating. 


This is 
transcriptionally 
active. 


25. (a) A polynucleotide chain is formed by 
the end to end polymerisation of a large number 
of nucleotides. A nucleotide is a condensation 
product of three chemicals - a pentose sugar, 
phosphoric acid and a nitrogenous base. 

The nitrogen base combines with the sugar 
molecule at its carbon atom 1’ ina glycosidic bond 
-N-G) by one of its nitrogen atoms (usually 1 
nidines and 9 in purines). 

eet) 


© 









¥ 
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He Phosphate Broup is connected to carbon 5’ of 
tire “ugar residue of its own nucleotide and carbon 
3 of the ugar residue of the next nucleotide by 
Phosphodiester bonds, -H of phosphate and -OH 
of sugar are eliminated as H,O during each ester 
formation. 

At the end of the polynucleotide chain, last sugar 

has its 5-C free While at the other end 3-C of first 

sugar is free. They are respectively called 5’ and 

3” ends. 

(b) Watson and Crick proposed the double helix 

model for structure of DNA in 1953. Its salient 

features are as follows: 

- In a DNA double helix, two polynucleotide 
chains are coiled to form a helix. Sugar- 
phosphate forms backbone of this helix while 
bases project inwards towards each other. 

~ Complementary bases, pair with each 
other through hydrogen bonding. Purines 
(adenine, guanine) always pair with their 
corresponding pyrimidines —_ (thymine, 
cytosine). Adenine pairs with thymine 
through two hydrogen bonds while guanine 
pairs with cytosine through three hydrogen 
bonds. 

- The helix is right-handed. 

- The plane of one base pair stacks over the 
other in a double helix. This provides stability 
to the helix along with hydrogen bonding. 

- The two chains of DNA have antiparallel 
polarity, 5’ +3’ in one and 3’ > 5’ in other. 

- The pitch of helix is>3.4 nm (34 A) with 
roughly 10 base pairs in each turn. The 
average distance between two adjacent base 
pairs comes to about 0.34 nm (0.34 x 10-2 m 
or 3.4 A), 

- DNA is acidic. For its compaction, it requires 
basic (histone) proteins. The histone proteins 
are positively charged and occupy the major 
grooves of DNA at an angle of 30° to helix 
axis. 


26. (a) (i) .Maurice Wilkins and Rosalind 
Franklin (1953) carried out X-ray diffraction 
studies to study the structure of DNA molecule, 
The fine X-ray photographs of DNA taken by 
them showed that DNA was a helix with a width 
of 2.0 nm. One turn of the helix was 3.4 nm with 
10 layers of bases stacked in it. Waston and Crick 
(1953) worked out the first correct double helix 
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‘-ray photographs of w. | 
ra 
model from the X-ray P Wig 


, è% 
- jin. 
and | — Chargaff (1950) mf 
(ii) sae called gage es _ lò | 
eralis 3 i sia ` 
Bn apii entarity rules) a NA A 
ie ‘ons are as follows: ts 
generalisation® d pyrimidine base pair, 
Purine an K ? 
i ual amount, that is, | | 
d nine + guanine = thymine + cytosin, 
ade 


C), i.e [A+G] 

= [T + C], le., o. 

(A +G] = [T [T+C] 

Molar amount of adenine is always a 

i the molar amount of thymine, Simi. 
olar concentration of guanine is equal, 

m ar concentration of cytosine. - 


rè, A 2 1;{G]= [C] ie, 8l 
[A] = [T], l.e., [T] "(N 
Sùgar deoxyribose and phosphate Occur: 


equimolar proportions. 
A - T base pairs are rarely equal to Ç ? 


base pairs. 





by mol 


[A+ T] 


——— is variable but 
[G+ C] At Conste 


- The ratio of 
for a species. 

(b) Refer to answer 11. 

27. RNA is more reactive in comparison to DN 

because: 

- 2’ -OH group present in ribose sugar d 
every nucleotide of RNA is a reactive grou 
It makes RNA highly reactive, labile ani 
easily degradable. 

- RNA functions as an enzyme, therefor « 
reactive and unstable. 


28. (i) DNA is chemically less reactive ani 

structurally more stable as its nucleotides are pv 

exposed except when they are to express thei 

effect. 

(ii) Presence of thymine in DNA instead of und 

in RNA, Provides Stability to DNA. 

(iii) Hydrogen bonding between purines at! 

Pyrimidines and their stacking make DNA mo 

stable for Storage of genetic information. 

(iv) DNA is capable of undergoing sl" 

mutations. 

(v) It has Power of repairing 

with aoe Which is stable enough not to chant 

change in N ik a of life cycle, age or p 

Material for the ae Or Gip nE, = ga 
storage of genetic information. 
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ihe criteria which makes DNA ' 

BY. à K NA a De 
“ent material than RNA are as follows ; citer 
NA tS chemically Jess | 
T ; 

veuceurall more stable than 
$i 
jeotit 
ress t 


reactive and 

RNA 

l as 

tes are Not ¢ xposed except when tl r 
yey are 


i 
P heir cflect whereas 2’ 


pose SUBA of every nucleotide of etn ake n 
e reactive RNA also functions as an 1a es it 
dis therefore More reactive and nasala ia 
presence of thymine in DNA instead of E 
n RNA provides stability to DNA. uracil 
(ii) Hydrogen bonding between purines and 
wrimidines and their stacking make DNA m n 
stable for storage Of genetic information than 


` 


NA. 
"a DNA has power of repairi 
v) DN I repairing and there is no 


each repairing mechanism in RNA 


30. Transformation is the phenomenon by which 
the DNA isolated from one type of cell, when 
ed (artificially or naturally) into another 


introduc 
ble to bestow some of the properties of 


type: is a 
the former to the latter. 
Grithith observed transformation in Streptococci 
pneumoniae (bacterium responsible for caus 
pneumonia): He grew bacteria on a culture pl 
some produced smooth shiny colonies dy 
others produced rough colonies (R). Mi 
with the S strain (virulent) di 
infection but mice infected w 
not develop pneumonia. 
§ strain -> Injected into 1 
R strain — Injecte into 
Grithth observe: 
when injected it 
S strain (heat-kille 
When he injected ; 
and live R bacteria, the mice die 
recovered living S strain bacteria from 


mice. 
S strain (heat - killed) + R strain (live) | 
_» Injected into mice —> Mice die 


nent Griffith concluded that the 
d been transtormed by the 


heat-killed S strain bacteria as some ‘transforming 
principle transferred from heat killed S strain 
enabled the R strain to become virulent. 

31. Refer to answer 30. 

32. Hershey and Chase use 
of culture media : 


Vid not kill them. 

ct into mice —> Mice live 
ure of heat-killed S strain 
d. Moreover, he 
the dead 


From the experi! 
R strain bacteria ha 


d following two types 
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radioactive 


that contained 


(i) Medium 
phosphorus (P™) 
ii) : 

hoe Medium that contained radioactive sulphur 
7 used two different kinds of culture media 
O etect whether the genetic material is DNA or 
protein. 

T grown in the medium with radioactive 
p osphorus contained radioactive DNA but not 
radioactive protein as DNA contains phosphorus 


but protein does not. Sim rly, viruses grown 
contained 

























on radioactive sulphur ium 
radioactive protein b dioactive DNA 
because DNA does ne phur 


to generate its replica. 
mically and structurally be stable. 
vide the scope for slow changes 
or evolution. 

) ould be able to express itself in the 
"Mendelian characters. 

(a) Hershey and Chase worked with virus 
bacteriophage. T: bacteriophage is a bacterial 
which has ability to infect Escherichia 
coli and it possess linear double stranded DNA 
(deoxyribose nucleic acid) as genetic material, 
therefore they used this bacteriophage or virus for 


their work. 
(b) Hershey and Chase used following two types 


of culture media : 

(i) Medium that 
phosphorus (P=); 
(ii) Medium that 
(S**). 

They used two different kinds 
to detect whether the genetic ma 


protein. 
Viruses grown i 


form 





virus 


contained radioactive 


contained radioactive sulphur 


of culture media 
terial is DNA or 


n the presence of radioactive 
phosphorus contained radioactive DNA but 
not radioactive protein because DNA contains 
phosphorus but protein does not. Similarly, 
viruses grown on radioactive sulphur contained 
radioactive protein but not radioactive DNA 


because DNA does not contain sulphur. 
(c) Blender was used in experiment to remove 
the empty phage capsids (or ghosts) sticking to 


the surface of bacteria. 
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Centrifuge Was used to Separate virus particle from 


the bacteria. The bacterial cultures were centrifuged. 
Both the Supernatant and the pellets were checked 
for radioactivity, In culture with radioactive S” it 
Was found that Phage with labelled protein did not 
make bacteria labelled. Instead, radioactivity wer 
restricted to Supernatant which was found to contain 
only capsid. On the other hand, in the second cultu re 
with P32 it was found that supernatant containing 
capsid was not radioactive instead bacteria become 


labelled Proving that only DNA ofthe phage entered 
the bacteria. 


(d) Hershey 
concluded th 
the protein. 


35. (a) Refer to answer 30. 


(b) Avery, Macleod and McCarty (1944) 
performed the biochemical characterisation ofthe 


and Chase from this peice 
at genetic material is DNA and no 


bacteria into Protein, DNA and carbohydrate 


transforming agent. 
treated with deoxyrib 
digests DNA), it bec 
of transforming the r 


strain. This confirmed that DNA is the genetic 
material. 


The following table re 
experiment. 


Table :Resultsof Avery’s Experiment 


Present the result of Avery’s 















R-type bacteria 4 
carbohydrates of S-type 
bacteria 






R-type bacteria 










R-type bacteria 4 Protein of 
S-type bacteria 





R-type bacteria 


R-type bacteria + DNA of 
S-type bacteria 











R-type bacteria + DNA of 
S-type bacteria + deoxy- 
ribonuclease 


36. Alfred D. Hershey and Martha Chase, 
hy bacteriophage as their experimental Materia] 
They decided to se Which of the bacteri i 
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protein or DNA-entereg 


mp eam reproduction Of the yi N 
cells and ad Chase experiment is . 
n 


the ac 


s, and similarly sulphur is N 
hosphorus, ine and methionine) b Xe, 
p ae (cysteine ; u . 
protein incorporated radioactiy, Ay 
DNA. a (PF) into Phage X 
of P i 5S) into proteins of sy 
E cultures. These phage types Weta K 
phage dently to infect the bacterium Es Ñ 
are sometime, the cultures Wer w 
coli. blender to separate the empty Phage S 
in a the surface of bacterial cells and p 
from eparated by centrifugation. Hersh ` 
Wate EE d that in bacterial Cells à 
Chase showe > Inf, 
. ining radioactive è 
with virus containing PAOSD) 
(P), radioactivity was associated with ba 
cells and also, appeared in the Progeny ` 
However, in bacterial culture where radig,. 
Iphur (*°S) was used, all radioactive 
su i l s 
was limited to phage ‘ghosts (empty viral Pro 
coats). . 
These results indicated that the DNA of 4 
bacteriophage and not the protein enters the}, 
where viral replication takes place. Therein 
DNA is the genetic material of I; Dacteriopha 
It directs protein coat synthesis and alo 
replication to occur. 


37. (a) Refer to answer 30. 

(b) Refer to answer 35 (b). 

38. Refer to answer 36, 
Diagrammatic representation of 
Chase experiment is as follows: 


¢— Bacteriophage 


Hershey x 








— (5) lab Radioactive (, 
A Ax Radioactive (59) |g elled labelled DNA 
ANANN protein capsule 
/ , 
g 
L D 
C > )) : 1. Infection 
VÀ poi p 
de go] p 
C or nding 
2 « FR) 2. Ble 


d 





No radioactiva "s 


detecteg in cells ' aione (P) 
; detected in Cells va 
r Radioactive ("S ‘ ) } 
e i Tene detecteg į Supernatant No radioactive li < 
cP yy.) a Sol 


nas 





jroreculal Basis of Inheritance 


vo, Referto answer 30 


Refi 
(a) Refer to answer 30, 
Refer to answer so U) 


40) rp fo answer 36. 
4l. 
(b) 
rYA 
that" 
heal ki 


rinciple 
e virulent. 


fer toanswer 35 (b). 


(a) From his experiment Griffith conclud 

R strain bacteria has been ea a i 
Hed S strain bacteria as some idei : ed 
from it enabled R strain a ta 
becom _ 
(b) RE 
43. The unequivocal proof that DNA is the 
genetic material came from the experiments of 
Alfred Hershey and Martha Chase (1952) | 
They decided to see which of the bacteriopha e 
components (protein or DNA) entered bacterial 
cells and directed reproduction of the virus. 
Their experiment is based on the fact that DNA 
put not the protein contains phosphorus, and 
similarly sulphur is present in proteins but not 
in DNA. They incorporated *P (radioactive 
isotope of phosphorus) into phage DNA and *°S 
(radioactive isotope of sulphur) into proteins 
of a separate phage culture. These phage types 
were independently used to infect the bacterium 


Escherichia coli. 
After sometime, this mixture was agitated 


in a blender. And the two were separated by 
centrifugation. Harshey and Chase observed that 
when 22P was used, all radioactivity was associated 
with bacterial cells and if followed, appeared in 
the progeny phage. However, when *°S was used, 
all radioactive material was limited to the protein 
coats. 

These results confirme 
genetic material. 

44. Refer to answer 30. 


45. Refer to answers 38 and 43. 
46. Refer to answer 36. 


47. (a) Refer to answer 36. 
(b) The aim was to determi 
nature of the genetic material. 
48. (a) Refer to answer 35 (b). 
(b) Refer to answer 43. 

49. (a) Refer to answer 30. 


(b) Three scientists who follow 
O. T. Avery, ©. 


d that the DNA is the 


ne the biochemical 


ed up Griffiths 
Macleod and 


experiment are 
M. McCarty. 
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a Pipe to work of Avery, Macleod and McCarty, 

i va was though to be the genetic material. These 

hy in, 1944, worked to determine the 
lochen cal nature of the ‘transforming principle’ of 

Griffiths experiments. Their experiment confirmed 

that DNA is the genetic material. 

Also refer to answer 35 (b). 

50. Refer to answers 36 and 38. 


51. (a) Refer to answer 30. 

(b) Refer to answer 35 (b). 

52. Labelled diagram of RNA dinucleotide 
showing its 3’ - 5’ polarity is as follows: 








we 
o `o 
53. RNA is single stranded or 


reported in wound tumour virus, 
which is formed by end to end polymerisation 


chain (ds RNA is 
Rice Dwarf virus) 


of ribonucleotides or ribotides. 
nucleotides occur in RNA. 
monophosphate, guanosine 
dine monophosphate and 
cytidine monophosphate. A ribonucleotide is 
formed of ribose sugar, phosphoric acid and a 
nitrogen base. The four nitrogen bases present 
in RNA are adenine, guanine (purines), cytosine 
and uracil (pyrimidines). The union of nitrogen 
base is with carbon 1’ of ribose sugar by glycosidic 
bond through 3 N or 9 N region. Phosphate 
combines with carbon 5’ of its sugar and carbon 
3’ of next sugar by phosphodiester bond. Figure 
representing polynucleotide chain of RNA is as 


follows: 
5’ phosphate 


of a number 
Four types of ribo 
They are adenosine 
monophosphate, uri 


3’ hydroxy! 
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34. The first genetic material was RNA. It can be 
explained as : 

(a) Metabolism, splicing and translation evolved 
around RNA. 

(b) The first biocatalysts were RNAs. Even now 
some enzymes are made of RNAs, e.g., ribozyme. 
(c) RNAs worked well in early unstable 
environmental conditions. As the environment 
become stable, RNAs were replaced in two of its 
functions (i) By small chemical modifications 
RNA gave rise to DNA as genetic material. (ii) For 
biocatalysis, RNA was replaced by protein enzymes. 
The latter were more stable, more efficient and more 
varied. 

55. Deoxyribonucleoside triphosphates such as 
dATP, dCTP, dGTP and dTTP serve dual purpose 
during DNA replication. They act as substrates i.e., 
nucleotides for the replication process as well as 
provide energy for the polymerisation of nucleotides 
by cleavage of high energy terminal phosphate 
bonds. 

56. The sources of energy for the replication of 
DNA are phosphorylated nucleotides or 
deoxyribonucleoside triphosphates i.e. deATP, 
deCTP, deGTP and deTTP. 


57. It is not possible for amalien DNA to become 
a part of the chromosome anywhere along the 
length and replicate normally because of absence 
of origin of replication (ori), It is the sequence 
where DNA replication starts. This site is also 
necessary for binding of DNA polymerase to start 
DNA replication. As this site may not present in all 
alien DNA molecules hence they cannot replicate 
normally. 


58. DNA replication doubles the amount of DNA 
in a cell and cell division again halves the amount of 
DNA i.e., maintains the normal amount of DNA in 
the daughter nuclei. Thus, if DNA replication is not 
followed by cell division in a eukaryotic cell, then 
amount of DNA will increase than normal, resulting 
in abnormal conditions such as polyploidy. 


59. The enzyme DNA-dependent DNA 
polymerase catalyse the polymerisation of 
deoxynucleotides. 

lt catalyses polymerisation only 
direction thereby resulting in 
replication on DNA strand with 3’ => 5 ,, 
and _ discontinuous »replicationsonwstt 
5’ — 3° polarity, Bay 


in 5’ —~> 3” 
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» DNA ligase joins th 
The enzyn j lagging s$ “H 

60. i DNA of a ageing Strand d x 

fragments of Uri 


‘cation. 
NA replica . 
: pNA-dependent, DNA polymerase ,, 


ye that using Aitaa a 
of deoxynucleotides, Polar 


6l. 
main enzyn 


isation | 
the templet stran 3 


kg ee 3/ direction) ie 3" => 5’. 
(1.2.5 DNA ligase is an enzyme that Catalyse, 
on a single strand break by formation 
\odiester bond between 4 disc. 
‘ phosphoryl groups in de t 
the enzyme helps in sal 


4 
tah, 


( 
tn 
N 


repair of 
covalent phosp ! 
3’ hydroxy! andas 
strandéd DNA. Hence, mn 
gaps in DNA fragments and acts as molecular thy 
During replication of UNA, short replica, 
fragments/segments of mia or Okazy 
fragments are present on the lagging strand, The 
fragments are joined to form a continuous stran 


with the help of enzyme DNA ligase. 


63. Diagrammatic representation of py 
replication is as follow: 

Parental 

y Strand 


IN \ t Lead 


` 
AER 
' 


5 aff — 
sU y a Okazaki fragments 


TT Pe un DNA ligase 
y 
Pare 


r 


64. Diagrammatic representation of replicati 
fork is as follows: 


Seg 










Template DNA 
(parental strands) 






Continuous 


~ ° ? 7 a Wi 
Synthesis Discontinuow 


synthesis 


7N 
Ma 


“spa 4 s“ 5’ N iai | 
yaa ae | | CW ly Synthesised 3 gs 
ERRA Strands 
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NA of 


ations 


peo ribonucleoside triphosphates (or at a level higher than the fully labelled D 


5. shore eek i.e., deATP, deCTP parent bacteria (N '°N). Succeeding gener 
GIP and de Tie Pe aa purpose during were also found to settle toward the surface, 
CU aplication: È act as substrates for the (b) From the experiment they concluded that 
cs jori Pro ee ts as provide energy for DNA replication is semiconservallve, 
pee nerisation of nucleotides. inerat 
70. The DNA-dependent DNA potym 
W. on E. coli proved semi-c catalyse polymerisation in one sapere er 
tah! (1958) onservative je, 5° — 3’. Therefore, 1n the strand with 
polarity 3’ — 5’ replication 1$ continuous 
whereas on the other strand with polarity 5—3 
dium “his led to the incorporati replication is discontinuous. Therefore, ae 
„nerations: oe PORNON ofheavy different types of replicating strands are seen 
rope iP all Meant tanen die compounds on the DNA replicating fork. The two strands 
uding bases. They were able to extract thea are named leading strand and lagging strand 
aterial DNA and centrifuge it in caesium 
„loride solution. Depending on the mass of the 
olecule, the DNA would settle out at a particular 
pint in the tube. 
ne ON bacteria were then transferred to a 
owth medium containing the normal, lighter 
otope of nitrogen, HN, where they reproduced 
y cell division. Meselson and Stahl found 
‘at DNA of the first generation was hybrid or 
termediate (5N and 'N). It settled in caesium 
hloride solution at a level higher than the fully 
belled DNA of parent bacteria ("N PN). The 
cond generation of bacteria after 40 minutes, 
sntained two types of DNA, 50% light (ÈNN) 
nd 50% intermediate (!°N'4N). At succeeding 
eneration times, the DNA extracts were found 
, have a lower proportion of '°N as more “N 
as incorporated into, the bacterial DNA. This 
bservation is possible only if both strands 
parate during replication and one strand act 
s template for synthesis of new strand of DNA 
aving “N. This was conclusive evidence for the 
emi-conservative method of DNA replication. 


7, Refer to answer 66. 
8. Refer to answer 66. | 
9. (a) Meselson and Stahl used "N and "N 


» work of Mathew Meselson and Franklin 


lica T Ea 
i frst grew bacteria Escherichia coli in a 
j 7} containing heavy isotope IN for several 


respectively. 


71. (a) NH,Cl (Ammonium chloride) was used 
as a source of nitrogen by Meselson and Stahl in 
their experiment. 

(b) They synthesised light and heavy DNA 
molevules in the organism (E. coli bacterium) so 
as to separate different generations on the basis of 
density gradient centrifugation. 

(c) The DNA molecules from each generations, 
were tested through density gradient 
centrifugation using cesium chloride. The heavy 
DNA molecules settled at the bottom whereas 
successively light DNA molecules settled at the 
surface. In this way, the DNA molecules were 
distinguished. 

(d) From the experiment scientist concluded 
that DNA replication is semi conservative in 
nature. 


© 


72. (a) The polarity of template strands and 
newly synthesised strands in the given figure can 
be represented as : 


‘otopes for their experiment because '°N is a 
€avy isotope of nitrogen and can be separated 
fom "N by density gradient centrifugation using 


aha chloride. | = (b) The figure represents the mechanism of 

ng two different isotopes of nitrogen helped DNA replication, during which leading strand 

“M to isolate the different generations Of and lagging strand are formed on the two 

- Coli bacteria from each other, e.g., they found different template strands. DNA-polymerase 

eg DNA of first generation was hybrid ("Nand can polymerise nucleotides only in 5 => 3’ 

N), it settled in density gradient centr ifugation a i 
EADAE t, 
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Weare! directions, the two templates provide 
different ends for replication. Replication 
Over the two templates, thus proceeds bid 
opposite directions. On strand with polarity 
3° 5’ replication is continuous because 3’ end of 
the latter is always open for elongation. It is called 
leading strand. Replication is discontinuous 0” 
the other template with polarity 5’ — 3° because 
only a short segment of DNA strand can be built 
in 5° — 3’ direction due to exposure of a small 
stretch of template at one time. Short segments 
of replicated DNA are called Okazaki fragments. 
Okazaki fragments are later joined together by 
means of enzyme, DNA ligase to form lagging 
strand. 
73. DNA replication is a multistep complex 
Process, which in all living cells (including E. 
coli), requires a dozen enzymes and protein 
factors. lt begins at a particular spot called origin 
of replication or ori. 
For DNA replication to proceed, the first 
requirement is to unwind the double helix, 
so that the two strands are free to act as 
templates. Separating the two strands of DNA 
is accomplished by the helicase enzymes that 
travel along the helix, opening the double helix 
by breaking H-bonds between fucleotide pairs 
as they move. Unwinding also creates a coiling 
tension in front of the moving replication fork. 
This tension is reduced by topoisomerases. In 
prokaryotes topoisomerase is replaced by DNA 
gyrase. 
Prokaryotes have three major types of DNA 
synthesising enzyme called DNA polymerase I, II 
and II]. All the three DNA polymerases function 
in 5° — 3’ direction only for DNA polymerisation 
and have 3° — 5” exonuclease activity. 
To initiate DNA synthesis, a small segment of 
RNA called RNA primer, complementary to 
the template DNA, is synthesised by a enzyme 
primase. 
The two strands of DNA run antiparallel to 
each other. On one strand the DNA synthesis 
is continuous in 5° — 3’ direction, on the other 
strand, DNA is synthesized in smal] stretches 
resulting in discontinuous DNA synthesis. This 
happens in the opposite direction to the first 
strand but maintains the overall 5’ ~ 3’ direction 
as required. Such a process is also referred to 


as semi-discontinuous replication. The 
PEET T PEA A a 
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NA, each primed by RNA ar 


FEF 

stretches of | rents E] 
j r ry ra 1n i T) b 
Okazaki rab re then removed, and the 

l £ P Pr >» 
RNA P DNA synthesis. Both steps are Der Me, 
o ~d Vv = d l l _ ‘The CNnZVI > a Mi 
fille lymerast l. Yme ligar a 


agments. + 
hich supports the continugy, 
X 


leading strand and the One 
t stretches is called the. 
{Rp 


seals these fr 
The strand W 
synthesis iS the es 
is replicated in she 
5 

strand. DNA replication, one strand ` 
rA DNA duplex is derived from ther § 
l a ‘ 
peal while the other strand is formed ą ni 

“ee daughter DNA duplex comprises. 
Since the daug ji ple: X 
tal and on&new strand, thus the re a 
ten is said to be semi-conservative. 

process IS Si 


74 Schematic representation of replication g 


la 
4a 
: 


i 
is as follows: 5 p 









Template DNA 
(parental strands) 






Discontinuous 


Continuous 
synthesis 


synthesis 


N 
N 


Newly synthesised 3% y 
strands 


Various enzymes required during DNA replicati 

are helicase, phosphorylase, topoisomerase, DN: 

polymerase I, II and III, primase and DNA ligae 

Helicase : It acts over the ori site and unzips th 

two strands of DNA. 

Phosphorylase : It is required for phosphorylatic 

of deoxyribonucleotides. 

Topoisomerase : It helps in nicking of one stra 

of DNA to release tension. 

DNA polymerase I : It is a major repair eni)? 

and it has 5’ — 3’ exonuclease activity. 

DNA polymerase I] : It is a minor repair enz)™ 

DNA polymerase [I] It does addition © 

polymerisation of new bases. 

oe ‘It helps in formation of RNA prime y 
'gase : Okazaki fragments are joinet 


3° p 


strane off or lng DNA molecules, since ne 
length (duet A cannot be separated in its y 

naigh energy requirement 
qe Occurs within a small opening’ 
= Felerred to as replication fork. 





ae 


wolecular Basis 


pNA-polymerase can polymerise 

(b) tides only in 5 — 3’ direction on 3 — 5’ 
nuclea because it adds them at the 3’ end. Since 
ip strands of DNA run in antiparallel 
the ctions: the two templates provide different 
ua for replication. Replication over the two 
g lates thus proceeds in opposite directions. 
a y strand with polarity 3” — 5° forms its 
_gmplementary strand continuously because 
3’ end of the latter is always open for elongation, 
‘5 called leading strand. Replication is 
dicontinuous On the other template with polarity 
er > 3’ because only a short segment of DNA 
strand can be built in 5° — 3’ direction due to 
exposure of a small stretch of template at one time. 
(c) Origin of replication, ‘ori’ is a sequence 
present in DNA molecule where replication starts. 
Enzyme helicase acts over the ori site and unwinds 
the two strands of DNA to start the process of 
replication. 

76. (a) DNA replication occurs during S-phase 
of the cell cycle. 

(b) DNA replication is a multistep complex 
process, which requires a dozen enzymes and 
protein factors. It begins at a particular spot called 
origin of replication or ori. 

Separating the two strands of , DNA àis 
accomplished by the helicase enzymes that travel 
along the helix, opening the double helix as they 
move. Unwinding also creates a coiling tension in 
front of the moving replication fork, a structure 
that will be formed when DNA replication begins. 
This tension is reduced by topoisomerases. 

The very important DNA synthesising enzyme 
is DNA polymerase HI. It along with other DNA 
polymerases (I and II) has the ability to elongate 
an existing DNA strand but cannot initiate the 
synthesis. 

All the three DNA polymerases function in 5’ — 3° 
direction only for DNA polymerisation and have 
3’ — 5’ exonuclease activity. 

To initiate DNA synthesis, a small segment 
of RNA (10 to 60 nucleotides) called an RNA 
primer complementary to the template DNA 
is synthesised by a unique RNA polymerase 
known as primase. 

While on the one strand the DNA synthesis is 
continuous in 5’— 3° direction, on the other 
strand, DNA is synthesised in small stretches 
resulting in discontinuous DNA synthesis. This 
happens in the opposite direction to the first 


of Inheritance 


st 


strand but maintains the overall 5’ — 3° direction 
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as required. Such a process is also referred to 
as semi-discontinuous replication. ‘She short 
stretches of DNA, each primed by RNA are called 
Okazaki fragments. 

RNA primer are then removed, and the pap is 
filled by DNA synthesis by DNA polymerase i. 
The enzyme ligase then seals these fragments. 
The strand which supports the continuous DNA 
synthesis is the leading strand and the one, which 
is replicated in short stretches is called the lagging 
strand. 

(c) DNA replication is said tobe semiconservative 
since daughter DNA duplex comprise of one 
parental and one newly synthesised strand. 


77. The work of Mathew Meselson and Franklin 

Stahl (1958) on E.coli proved semi-conservative 

replication of DNA. 

They first grew Escherichia coli bacteria in a 

medium containing heavy isotope of nitrogen 

(5N) for several generations. This led to the 

incorporation of heavy isotope in all nitrogen- 

containing compounds including bases. They were 
able to extract the bacterial DNA and centrifuge 
it in caesium chloride solution. Depending on 

the mass of the molecule, the DNA would settle 

out at a particular point in the tube (heavy DNA 

molecule can be distinguished from normal DNA 

by centrifugation in cesium chloride density 
gradient). 

The '°N bacteria were then transferred to a 
growth medium containing the normal, lighter 
isotope of nitrogen, '4N, where they reproduced 
by cell division. Extracts of DNA from the first 
generation offspring were shown to have a lower 
density, since half the DNA was made up of the 
original strand containing '°N and the other half 
was made up of the new strand containing '*N. 
At succeeding generation times, the DNA extracts 
were found to have a lower proportion of '°N 
as more '4N was incorporated into the bacterial 
DNA. This was conclusive evidence for the semi- 
conservative method of DNA replication. 

The conclusion they arrived at after the experiment 
is that the DNA replication is semiconservative. 
Semiconservative means that when the double 
stranded DNA helix was replicated, each of 
the two double stranded DNA helices of newly 
synthesised strands consisted of one strand 
coming from the original helix and one newly 
synthesised. So, in this way at each replication, 
one strand of parent DNA is conserved in the 
daughter while the second is freshly synthesised. 


« 
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78 (; Agr 
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l l lç E amm; Ì 


D g 


of 


representation 










Template DNA 
(parental strands) 






Continuous 
Synthesis 


Discontinuous 
synthesis 


yN 
Na 


Newly synthesised 3 5’ 
Strands 


3% gi 


Due to high energy requirement whole of DNA 
does not Open in one stretch. The point of 
separation proceed slowly towards both direction. 
It gives the appearance of Y-shaped structure 
called replication fork. 

(b) Two enzymes involved in the process of 
DNA replication are: 

(i) Helicase = causes the unwinding of DNA 
strand. 

(ii) Topoisomerase - releases the tension of DNA 
strand. 


79. DNA replication occurs during S-phase of 
cell cycle. It is a multistep complex process which 
requires over a dozen enzymes and protein factors. 
It begins at a Particular spot called origin of 
replication of ori. 

Replication of DNA is. energetically highly 
expensive. The main enzyme of DNA replication 
is DNA dependent DNA polymerase. 
Deoxyribonucleoside monophosphates occur 
freely inside the nucleoplasm. They are first 
Phosphorylated and changed to active forms. 
The Phosphorylated nucleotides are deATP 


(deoxyade-nosine triphosphate), deGTP 
(deoxyguanosine triphosphate), deCTP 
(deoxycytidine triphosphate) and deTTPp 


(deoxythymidine triphosphate). 

Enzyme helicase (unwindase) acts Over the Ori 
site and unzips (unwids) the two Strands of 
DNA by destroying hydrogen bonds. Unwinding 
creates tension in the uncoiled part by forming 
more supercoils. Tension is released by enzymes 
topoisomerases. With the help of various enzymes 
both the strands of DNA become Open for 
replication. However, whole of DNA does not open 
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In eukaryotes five t saln 
-0 Sor 8 

lymerases are found - a, B, y, § and vt w 
a r three being &, 0 and £. The two 2 N, 


majo 
DNA stran 


S. 
template : ; 
As replication proceeds, new areas of 


ind and separate so th “tent, 

duplex unwin ; Mt repli 

ds rapidly from the place of Origin a 
procee =. toy. 
the other end. RNA primer is removeq M 
gap filled with complementary nucleotig $ 
means of DNA polymerase I, DNA-pg S 
can polymerise nucleotides only in oy 
direction on 3° — 5 strand because it add 3 
at the 3’ end. Since the two strands of DN F 
in antiparallel directions, the two lemp 
provide different ends for replication. Re lica 
over the two templates thus proceeds in a 
directions. One strand with polarity 3’ 5 i 
its complementary strand continuously bec, 
3° end of the latter is always open for elongation , 
called leading strand. Replication js dicontiny, 
on the other template with polarity 5’, 3 becas | 
only a short segment of DNA strand can be biih, 
5° — 3’ direction due to exposure of a sy, 
stretch of template at one time. Short Segment, 
replicated DNA are called Okazaki fragments 
Okazaki fragments are joined together by mez 
of enzyme, DNA ligase. DNA strand built upi 
Okazaki fragments is called lagging strand. £ 
refer to answer 64. 


80. (a) Refer to answers 79 and 64. 

(b) In eukaryotes, the replication of D\ 
takes place during S-phase of the cell-cycle. ? 
replication of DNA and cell division cycle sho 
be highly coordinated. A failure in cell divi 
after DNA replication results into polyploid 
chromosomal anomaly). 


81. Refer to answer 77. 


i ; 0 $ 
ds in the replication fork fy Pte 
N tin,” 


icc! gasis of Inheritance 
| Given structu 
3 ) a abit are eee replicating 
: ; stran 
s of DNA unwind at 


ork- i I 
he «tart of replication. 


(b) Refe 
(c) Refer to answers 56 and 74. 


(d) Refer to answer 75 (b). 
33 Refer t0 answer 77. 


r to answer 74. 


The aim of the experiment of Meselson and 
was to prove sem1-conservative replication 
of DNA- Also refer to answer 77. 


g5. (a) (i) Meselson and Stahl observed that i 
he É coli, the DNA became completely labelled 
vith 5 when cultured in '°NH,Cl and after 
-entrifugation of this culture they observed that 
fully labelled DNA of the bacteria settled at the 
lowest level (near bottom) in the test tube. 

(i) After culturing, one such bacterium, in 
normal medium of NH,Cl for two generations 
they observed that its density changed and 
it showed 50% of light DNA (N’) and 50% 
intermediate N 

(b) They concluded that DNA replicates sêmi- 


g4. 
stahl 


UY 


conservatively. 
Diagrammatic representation of semicónservative 


replication of DNA is as follows: 


DNA molecule 


, Generation 0 

M (All strands contain 

cg ` 15N heavy DNA, Íe., 

© = HH DNA) i 

2g l 
14N necium| 


Generation 1 
(All strands contain 
14N/N1® hybrid 


DNAe.. HL DNA) 


Daughter 
molecule 





yy 14N medium 


| \ Generation 2 
ay \ | 
(50% of strands contain Ñ 
i 4 VN light DNA, 4e., LL 
| DNA and other 50% ! 


contain hybrid DNA 


ie., HL DNA) 
14N DNA * 


14N/N15 DNA 


Result of CsCl 
: density gradient 








Grand daughter 
molecule 


enetic material as RNAS 
essential life 


splicing and 


(c) RNA is the first g 
were the first biocata 
processes such as metabolism 


translation evolved ¿ 
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86. z : 
oe and Crick proposed that DNA 
replication is semi-conservative. 
And also refer to answer 77. 
87. Cli i 

7. Cistron is a segment of DNA consisting of 
a stretch of base sequences that codes for one 
polypeptide chain, one transfer RNA (tRNA), 
ribosomal RNA (rRNA) molecule or performs 
any other function in connection 
with transcription, including controlling the 
functioning of other cistrons. 
88. Ineukaryotes, RNA polymerase I] transcribes 
precursor of mRNA, the heterogeneous nuclear 
RNA (hn RNA). 
89. Refer to answer ss. 
90. Exonsare thesegmentsin genes which contain 
coding nucleotide» sequences. These sequences 
are ultimately translated into polypeptide. Thus, 
exons carry genetic information. Introns are the 
segments, in genes which contain non-coding 
nucleotide sequences. These do not form part of 
mRNAand are removed during the processing of 
hnRNA. 
91. Sigma(o) factor actsasinitiation factor during 
transcription in a prokaryote. 
92. Intron is considered to be as the reminiscent 


specific 


of antiquity. 
93. hnRNA undergo splicing in order to remove 
introns, which are intervening OF non-coding 


dina defined order 


sequences, and exons are joine 
to form functional mRNA. 


94. Capping and tailing. 
95. ‘Tailing of hnRNA take place during 


modification of hnRNA into functional mRNA. It 


takes place at 3’-end. 
96. Capping and tailing of hnRNA occur 
respectively at 5’ end and 3’ end. 


97. Differences between template strand and 


coding strand are as follows : 














Coding strand 
Strand of DNA 
having 5°23" 

polarity. 












Template strand 
Strand of DNA 
having 3 > 5 
polarity: 











Do not take part 


Participates in 
in transcription. 


transcription. 
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98. Difference between structural 


prokaryotes and structural gene in euk 
as follows : 








Structural gene in 
prokaryotes 

















Consists of both 


Consists of | 
exons and introns. 


functional coding 
sequences. 












Information 

is split due to 
presence of 
introns in between 


Information is 
continuous as only 
exons are present. 








exons. 
Splicing occur to 
make functional 


mRNA. 


99, The corresponding coding strand is: ) 

5’ TACGTACGTACGTACGTACGTACGG 3 

The corresponding mRNA strand is ) 

5’ UACGUACGUACGUACGUACGUACGG 3 
100. (a) tRNA helps in transferring amino acids 
to ribosome for synthesis of polypeptide chain. 
tRNA reads the genetic codes, carries amino 
acids to the site of protein synthesis and acts as an 
adapter molecule. | 

(b) rRNA isthe most abundant RNA. Prokaryotic 
ribosomes are of three types 23S, 16S and 5S. 23S 
and 5S occur in large subunit of ribosome while 
16S is found in smaller subunit. It plays structural 
and catalytic role during translation. 


101. Cistron is segment of DNA consisting of 
a stretch of base sequences that codes for one 
polypeptide chain, one transfer RNA (tRNA), 
ribosomal RNA» (rRNA) molecule or performs 
any other specific function in connection 
with transcription, including controlling the 
functioning of other cistrons. 

Exons are the regions of a gene, which become 
part of mRNA and code for the different proteins, 













Splicing does not 
take place. 





102. Differences between introns and exons are: 




















Regions of a gene 
which do not form 
part of mRNA. 


Removed during 
the processing of 
mRNA. 


Regions of a gene 
which become 
part of mRNA. 


Code for the 
different proteins, 














contain both 


nal . . ° . d to 
a process call ). Hence, it is subjecte 


Nuclear RN A 
Processing Called 


Wee, CBSE Champion Biology oF 
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( 
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represent ati iranseri 
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103. Scher s: 
i yO tural 
unit is 45 fi gan Terminator 
promoter i 





ter = The promoter es located | é 
(i) Promo” -oding strand. It is a DNA go , tj 
d of the wading site for RNA polymeras, & 
sence of a promoter 1n a transcri M 
e defines the template and coding Stran 0: 
ctural gene ~ The — Benes my 
7 oe enzymes and proteins. it transcrip. th 
for t 


me. 
for the sa 7 
mRNA ator The terminator iş loca 


hi ‘ . i t 
(iii) D E of the coding strand and it defi, 
towards ofthe process of transcription. i 
peer scriptional products of p, 


tran 
104. (a) The tra RNA, 5SrRNA and snRNA 


[are / 
Raye, Ho additional nucleotides (m 


yy 
angsitl® triphosphate) are added to the 5’-enq rf 


me late residues (200 - a, 
A. In tailing, adeny 50) 
mn, T at the 3’-end in a template independey 


manner. 
(c) Heterogeneou 
105. (a) ie eal 


s nuclear RNA. 
Terminator 
4— Template strand —> 


ATGCATGCATAC 





: TACGTACGTATG 
<¢— Coding strand —> 


4 I 
b) "SS ap A GG UAUG? 


106. A transcription unit in DNA is defined by’ 
these regions in DNA : 


Transcription start site 









Template 
strand 


Structural 


gene Terminator 












Coding strand 
107.(a) RNA polymerase II transcribes hnRNA. 
(b) Post transcription Processing of hnRNA 5 
ir ey to convert primary transcript of all types 
: RNA into functional RNAs. The eukaryotic 
ao involves certain complexity, 0n 

€ Complexity is that the primary transcrip! 
the exons and the introns (which 


splicing where the introns w 
XONS are joj e rael. 
t , Joined in a defined 0 

dea scribed eukaryotic RNA or heterogeno 
(hnRNA), undergoes addition? 
“S Capping and tailing. 








Molecular Basis of Inheritance 


In capping, 3. unusual nucleotide (methyl 
guanosine triphosphate) is added to the 5’ - en lof 
hnRNA. in panni: adenylate residues (200 - 00 

are added at the 3 -end in a template independe 
manner. “ee es fully Processed hnRNA ane 
called mRNA. This process takes place in "the 
nucleus ofa cell and then mRNA is transported 4 
of the nucleus for translation, out 


108. In eukaryotes, monocistronic 


„enes could be said as interrupted 


Structural 


> aS both introns 
My ons 
and exons are prese nt. Also refer to answer 107 


109. (a) 
terminator are : 


Differences between promoter 


and 









Promoter 











Located upstream 


Located 
of structural gene. 


downstream of 
structural gene. 


















Has RNA 


polymerase 
binding and 


recognition site. 


Rho factor required 
for termination. 













In many Cases, 
promoter has AT 
rich region. 


It has stop signal 
and also possess 4-8 
A-nucleotides. 


(b) Refer to answer 102. 


110. A DNA transcription unit has a promoter 
region, initiation site, coding region and a 
terminator region. ‘Transcription begins at 
the initiation site and ends at the terminator 
region. A promoter region has RNA polymerase 
recognition site and RNA polymerase binding 
site. Chain opening occurs in the region occupied 
by TATAATG nucleotides (TATA box) in 
most prokaryotes. Enzymes required for chain 
separation are unwindases, gyrases and single 
stranded binding proteins. 
During initiation of transcription, RNA 
polymerase (common in prokaryotes and specific 
in eukaryotes) binds itself to the promoter region. 
The two strands of DNA uncoil progressively from 
the site of polymerase binding. One of the two 
strands of DNA (3’ — 5’) functions as template 
for transcription of RNA (template strand). 
Transcript formation occurs in 5, > 3° direction. 
Ribonucleoside triphosphates present in the 
surrounding medium come to lie opposite the 
nitrogen bases of the DNA template (anti-sense 
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strand). ‘They form complementary pairs; U 


opposite A, A opposite T, C opposite G and G 
opposite C. A pyrophosphate is released from 
cach ribonucleoside triphosphate to produce 
ribonucleotide. 


ot ahaa Mle a a Ppa egal we 
a s held over DNA template 
join to form RNA chain. As the RNA chain 
formation initiates, the sigma (o) factor of the 
RNA polymerase separates. RNA polymerase 
(core enzyme) moves along the DNA template 
causing elongation of RNA chain at the rate of 
some 30 nucleotides per second. RNA synthesis 
stops as soon as polymerase reaches the terminator 
region. 

112. (a) Refer to answer 106. 

(b) Promoter - The promoter is located towards 
5’-end of the coding strand. It is a DNA sequence 
that has RNA polymerase recognition site, it 
also provide binding site for RNA polymerase. 
Presence of a promoter in a transcription unit 
defines the template and coding strands. 

113. (a) Refer to answer 106. 

(b) The promoter gene defines the template and 
coding strands. By switching its position with 
terminator the defination of coding and template 
strand can be reversed. 


(c) Refer to answer 112 (b). 


114. (a) Transcription is the process of copying 
genetic information from one strands of DNA 
into RNA. A transcription unit of a DNA has 
three regions a promoter, a structural gene and a 
terminator. 

Bacterial structural gene in a transcription unit 
is polycistronic. Transcription requires a DNA 
dependent RNA polymerase. Prokaryotes have 
only one DNA dependent RNA polymerase which 
synthesises all types of RNA. 

Three major types of RNAs in a bacteria are 
mRNA (messenger RNA), tRNA (transfer RNA), 
and rRNA (ribosomal RNA). All three RNAs 
are needed to synthesise a protein in a cell. The 
mRNA provides the template, tRNA brings amino 
acids and reads the genetic code, and rRNAs play 
structural and catalytic role during translation. 
In bacteria/prokaryotes, transcription occurs in 
contact with cytoplasm as their DNA lies in the 
cytoplasm. 





170 
res 
RNA polymerase binds to promotert and aide 
transcription (Initiation). It uses _ ‘ ve 
triphosphates as substrate and POT e ishion 
mRNA strand in a template depended i also 
following the rule of complementarity: es 
facilitates opening of the helix and V remains 
elongation. Only a short stretch of RN? Serisi 
bound to the enzyme. Once the polyn y; 
reaches the terminator region, the nascent nai 
falls off, so also the RNA polymerase. This res 
in termination of transcription. | 
(b) In eukaryotes, the primary transer "Iled 
is often larger than the functional pik <r 
heterogeneous nuclear RNA or hnRi ial 
transcription processing 1s required “7 W Aa 
primary transcript of all types of RN/ 
functional RNAs. It is of four types. 
(i) Cleavage: Larger RNA precursorsar 
to form smaller RNAS. 
(ii) Splicing : Eukaryotic transcripts possess an 
segments called introns or intervening sequenc 
noncoding sequences. They do not appear! 
or processed RNA. The functional coding 
are called exons. Splicing is removal of introns 
fusion of exons to form functional 
(iii) Terminal additions (cappi 


ications :They are most 
-methylation (e.g, methyl 


ipt which 


€ cleaved 







poly-A segments 
mRNA. Cap is fe 


commo 
cytosine, guanosine), deamination 
(e.g, inos from adenine), dihydrouracil, 


pseudouracil, etc. 

115. Mechanism of transcription in prokaryotes : 
In bacteria/prokaryotes, transcription occurs in 
contact with cytoplasm as their DNA lies in the 
cytoplasm. 

(a) Activation ofribonucleotides - The four types 
of ribonucleotides are adenosine monophosphate 
(AMP), guanosine monophosphate (GMP), 
uridine monophosphate (UMP) and cytidine 
monophosphate (CMP). They occur freely in the 
nucleoplasm. Prior to transcription the nucleotides 
are activated through phosphorylation. Enzyme 
phosphorylase is required alongwith ener y 
The activated or phosphorylated ribonucleotide 





i r 
e 





eriphosP 
and cY 
(b) 


enzyme 
the DS: 


om CBSE Champion Bolg, N 


h triphosphate (ATP). 


yw 
gdenos” rp), uridine triphorphy à 
hate © hate (CTP) ti 
e triphosp aan 
ne i 
tidi RNA polymerase to Dy 


, * O 
pinding, from the cytoplasm, DN, 
gi 


y to transcribe The RNA > 
gé specific site, called roe 


i rokaryotes 
4 double helix Pr € have 


° ynthesise all : 
ly meras that 5 Pen ni, 
so determines which DNs 

4 R 


_ona™ 
ca 


reau) 
hinds 


RNA Po 



















notet 
oe + transcribed Thus, a pr 
is vRNA polyme se recognition site w} 
has M~ i è, 

se bint 

polymer pr onucleoside tri 
i se po s 
(c) Base ru fing medium Orn ` 


n bases of the DNA th 
d). They form complen, 
site A, A opposite T, C o 
opposite C. A pyrophosphate is p 
ibonucleoside triphosphate tO P 
ucleotide. 
Formation of RNA chain - With the | 
of RNA polymerase the adjacent ribonuces 
held over DNA template join to lorm RNA A 
A single RNA polymerase recognise pre 
and initiation region is prokaryotes. As the} 
chain formation initiates, the sigma (0) fag, 
the RNA polymerase separates. RNA poler 
(core enzyme) moves along the DNA tes 
causing elongation of RNA chain at the re 
some 30 nucleotides per second. RNA mé 
stops as soon as polymerase reaches the terms 
region. Rho factor (p) has ATP-ase activi: 
also possesses 4-8 adenine ribonucleotides 
(e) Separation of RNA chain - With ġe: 
of rho factor, the fully formed RNA chains! 
released. One gene forms several molea 
RNA, which are released from the DNA 1% 
One after the other on completion. The ™ 
RNA is called primary transcript. | 
(t) Duplex formation - As the RNA & 
released, the transcribed region of ®t’ 
molecule gets hydrogen bonded to % * 
strand and the tw mirally coiled 0 ” 
the original d nare spirally m 
protein cost double helical form. The p” 
1s added again to the DNA& 


G 
“yrases, helicases and helix stabilizing 


are released. 


Nces betw | wr 
r . ; ec i ' . * i 
transcription ae n prokaryotic and 


p rsh Suey 
et Ns i 


ae 


say Basis OF inheritance 


cytoplasm 


Hnere is Major part of 


yor” 
' karyotic | Eukaryotic ] 
* ) | 
| rranscription | transcription 
1 i g o 2 
= Mi occurs in It occurs inside the | 
~ 


| 
| 


ii) ipti 
{ j no spe fic i transe ription 
veriod for its | occurs in G, and G, 
occurrent C phases. 
| “a jt is coupled to | Transcription and 
| translation. translation are 
| i n 
| spacially separated. 
rad products of Products of 
| transcription transcription come 
become effective | out of the nucleus 
| in situ. for functioning in 
| cytoplasm. 
E There is only one | ‘There are three 


types of RNA 
polymerases. 


RNA polymerase. 


(vi) RNA polymerase 


does not have 


‘Transcription 


factors are involved 










separate In recognition of 
transcription promotor site. 
factors. 

(vii) | mRNA is mRNA is.generally 
generally monocistronic. 






polycistronic. 








In most of the cases 
splicing is required 
for removing 
intervening 
sequences. 


(viii) | Splicing is 
generally not 


required. 






116.ln eukaryotes, transcription Occurs 
throughout I-phase in differentiated cells but 
more so in G, and G, phases of cell cycle inside 
the nucleus. Depending upon the requirement, a 
structural gene may transcribe one to numerous 
RNA molecules. The transcription products move 
out into cytoplasm for translation. Transcription 
requires a DNA dependent RNA polymerase. 
Eukar yotes have three RNA polymerase, Pol I (Pol 
A) (for ribosomal or rRNAs except 5S rRNA). Pol 
il (for mRNA, snRNAs) and Pol IHI (for transfer or 
RNA, 5S rRNA., and some snRNAs). Eukaryotic 
RNA polymerases. also. require transcription 
for initiation, 
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Prior to transcription, the nucleotides are 
activated through phosphorylation Pnryme 
phosphorylase is required alongwith energy 

Each DNA transcription segment has a promoter 
region, initiation site, coding region and a 
termintor region. RNA polymerase (common in 
prokaryotes and specific in eukaryotes) binds itself 
to the promoter region. The two strands of DNA 
uncoil progressively from the site of polymerase 
binding. One of the two strands oDNA (3° + 5’) 
functions as a template for transcription of RNA. 
Transcript formation occurs MS > 3\direction. 


Ribonucleoside triphosphate present in the 
surrounding medium form complementary pairs. 
With the help of RNA polymerase the adjacent 
ribonucleotides. held overMDNA template join to 
form RNAcehdin. bn eukaryotes, there are separate 
transcription factor and RNA polymerase for 
activation of transcription. RNA polymerase (core 
enzyme) moves along the DNA template causing 
elongation Gf RNA chain at the rate of some 30 
fucleotides per second. RNA synthesis stops 
as soon as polymerase reaches the terminator 
region, In eukaryotes, the transcription unit 
Yields a monocistronic mRNA. Diagrammatic 
representation of transcription in eukaryotes is as 
follows: 





Messenger RNA (mRNA) 
117. Refer to answer 115. 
118. (a) Refer to answers 116 and 114 (b). 
(b) Refer to answer 115. 
119. (a) Refer to answer 115. 
(b) Refer to answer 115. 
120. AUG codon has dual functions. It codes for 
methionine (met) and also acts as an initiation 
codon for polypeptide synthesis. 


121. The difference between unambiguous and 
degenerate codons is: 





ay 
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Unambiguous codons Degenerate 


More than one — 
that code for a sing 
amino acids. 


They specify only one 
amino acid. 


122. Refer to answer 120. 

123. AUG has dual functions. It functions F 
initiation codon during protein synthesis i 
also codes for methionine. UGA does not spec y 
any amino acid hence it functions as terminator 
codon. 


124. Refer to answer 120. 


, . d 
125. (a) Differences between unambiguous an 
universal genetic codes are: 


Unambiguous 
code 


(i) | A codon specifies | The codons specifies 
only one amino | the same amino acids 
acid. from a virus to a tree 
or human being. 


















Universal 
code 























E.g, AUG codes 
for methionine. 


E.g., from, bacteria 
to human UUU 
would’ code for 
phenylalanine. 











(b) Difference between the degenerate and 


initiator code is: 
= Degenerate code Initiator code 
More than one codon | Signal polypeptide 


(i) 
code for a single | synthesis. It has 
amino acid. dual functions. 












126. (i) Stop codon : Codons that do not code 
for any amino acids and signal polypeptide chain 
termination. E.g., UAA, UAG, UGA. 

(ii) Unambiguous codon : Codons that specify 
only one amino acid and not any other. E.g., AUG 
codes for methionine. 

(iii) Degenerate codon : More than one codons 
codes for a single amino acid. In degenerate 
codons, generally the first two nitrogen bases are 
similar while the third one is different. E.g., UUU 
and UUC codes for phenylalanine. 

(iv) Universal codon : A codon that is applicable 
universally i.e., specifies the same amino acid 
from a virus to a tree or human being. 


127. (a) George Gamow suggested that 
the genetic code should be made up of three 
nucleotides. 


ee 





A 


į that since there are Op) 
iy 


i oposes 
(b) page anti M4 
and if they ™ T 7h 
an Id constitute a combination 


2 > 10uU ` 
code sl - ee nucleotides. Com}; 
ade up of Na 
mé 


nerate 64 c a 
4 x 4) would generate 64 codons, 
(4 x more codons than required 
many 


128. Exceptions to 
are: 
(i) UA 
and do no 
paramecit n s nifa 
or gluti . 
Co Genetig code is non-overlapping É 
organisms: But, ¢ X 174 * ; 75 Nucleotig, 
code for 10 proteins whic i require more thas, 
bases. Three of its genes E, B and K Overlap 
genes. Nucleotide sequence al the begin ‘ 
gene IS contained within gene D. Likewis 
overlaps with genes A and C. A simil 
is found in SV-40. 
More than one codons code for a single os 
acid, thus are called degenerate kela 
degenerate codes, the first two nitrogen base 
similar while the third one is different, de i 
and UUC are the degenerate codes that coq, 
amino acid phenylalanine. 


129. Genetic code is universal ie, a 
specifies the same amino acid from a virus; 
tree or human being. Example : mRNA froma 
oviduct introduced in Escherichia coli produ 
ovalbumen in the bacterium exactly similarto, 
formed in chick. 

Genetic code is degenerative i.e., all other am 
acids, except tryptophan and methionine, 
specified by two (e.g. phenylalanine - UUULt 
to six (e.g., arginine-CGU, CGC, CGA, ( 
AGA, AGG) codons. They are therefore « 
degenerate or redundant codon. In degene 
codons, generally the first two nitrogen bas 
similar while the third one is different. 


130. Structure of tRNA can be explained 
means of L-form model (Given by Klug 1974 
by means of clover leaf model (given by H 
1965). 

In tRNA molecule, about half of the nucle 
are base paired to produce paired stems 
regions are unpaired or single stranded 


binding site, T y C loop, DHU loop, e” 
and anticodon loop. 


to code tor 20 aming 


} 
re | 
) lie, 
K 


the universality of gen 
eti 


A and UGA are termination 
t code for any amino acid (ny 
and some other ciliates, these A 
Chi 


E Bey 
AT Cond, 





is of Inheritance 
polet 


anticodon Loop. It has 7 bases out 


of 


) three bases form anticodon (nodoc) for 
wh nisin and attaching to the codon of mRNA 
rec’ P. A-Binding Site. lt is amino acid binding site 
(ii e lies at the 3 end opposite the anticodon 
In gs COA OH group. The 5 end bears G. 
an pa acid or AA binding site and anticodon a 
amin recognition sites of tRNA, D 
hen ye Loop. It has 7 bases out of which W 
(i udouridine) and rT (ribothymidine) 
(P gual bases. The loop is the site for att 
posone. 

Aa DHU Loop. The loop contain 8-12 bases. It is 
rae loop and has dihydrouridine. t is 
“te for aminoacy! synthetase enzyme. 

) Extra Arm. It is a variable side arm or loop 
“hich lies between T wC loop and anticodon. It 
snot present in all tRNAs. 

RNA is known as an adapter molecule because it 
rransfers amino acids to ribosomes during protein 
synthesis for synthesis of polypeptides. 


131. AUG acts as an initiation codon and it alee 
-odes for amino acid methionine. The sequence 
of bases from which it is transcribed is TAG, Its 
anticodon is UAC. 


132. UGA belongs to the category of termination 
codons. Other codons of same category are UAG 
and UAA. The termination«codons do not code 
for any amino acid and therefore terminate the 
process of protein synthesis. 


133.(a) Crick postulated the presence of tRNA 

as an adapter molecule. 

(b) Following is the clover leaf model of tRNA. 
OH-3’End 

A Amino acid attaching site 


are 
aching to 


binding 






TyC stem n 
E D stem gaas } O 
rd u Y 
> IV TYC Loop” 3 
A LDioo 2 
Po PY 
a MN 
—4  ~\_}-Variable arm 
ae Anticodon stem 
Pu = Purines Pd Anticodon 
Py = Pyrimidines T Pu arm 
Anticodon loop 
N pened 
Anticodon 


Role of tRNA in protein synthesis: 
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G) IRNA is an adapter molecule meant for 
transferring amino acids during protein synthesis. 
IRNA binds toa particular amino acid at 3’ end. The 
charged (RNA take the same amino acid to mRNA 
Over particular codons corresponding to their 
anticodons. 

(ii) IRNA holds peptidyl chains over the mRNAs. 
(iii) The initiator (RNA has the dual function of 
Initiation of protein synthesis as well as bringing 
in of the first amino acid. 

134. (a) Enzyme RNA polymerase III is 
responsible for the transcription of (RNA. 
Methionine is the amino acid with which the 
initiator {RNA gets linked. 

(b) Anticodon of initiator {RNA i.e, tRNA 
linked with methoinine carries this amino acid 
to mRNA, establishes temporary hydrogen bonds 
with the initiation codon (AUG) of mRNA to start 
the process of protein synthesis. 

135. Refer to answer 126. 


136. (a) Francis Crick 
(b) tyrosine 
5’ 


AUG 


(c) Actual structure of tRNA is compact and 
looks like an inverted L. 


137.From the given example it is inferred 
that genetic code is degenerate, universal and 
unambiguous. Also refer to answer 126. 


138. (a) Out of total 64 codons, 61 codons code 
for amino acids and 3 codons do not code for any 
amino acid. 

(b) (i) Refer to answer 126. 

(ii) Refer to answer 126. 

(iii) Refer to answer 126. 

(iv) Initiator codons are AUG and rarely GUG, 
which code respectively for methionine and 
valine. They initiate the process of translation. 


139. (a) {RNA is also known as an adapter 
molecule as it is meant for transflering amino 


acids to ribosome during protein synthesis. 
(b) Refer to answers 133 (b) and 136 (c). 


| a 
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140. Salient features of genetic code are: l 
(a) Triplet ; Three adjacent nitrogen bases 
©onstitute a codon which specifies one 
Particular amino acid in a polypeptide chain, 
eg- In the given polypeptide, codon AUG 
Specifies methionine, codon UUU specifies 
Phenylalanine and so on. 

(b) Initiation codon AUG (codes for 
methionine) acts as an initiation codon for 
polypeptide synthesis. . 
(c) ‘Termination codons : Three termination 
codons (UAA, UAG and UGA) do not code for 
any amino acid, e.g., in the given polypeptide, 
UAG does not code for any amino acid. 

(d) Unambiguous codons : One codon 
specifies only one amino acid and not any 
other, e.g., UCU codes for serine (Ser) only and 
UUU codes for phenylalanine (Phe) only. | 
(e) Commaless : The genetic code is 
continuous and does not possess pauses after 
the triplets. - 

(£). Degeneracy of Code : Since there are 64 
triplet codons and only 20 amino acids; the 
incorporation of some amino acids must be 
influenced by more than one codon. ega amino 
acid Phe is specified by two codons i.e. UUU 
and UUC. 

(8) Colinearity : Theresa colinearity between 
the sequence of nitrogen bases on DNA or 
mRNA and the sequence of amino acids in a 
polypeptide chain. 
141. (a) Structure of fRNA can be e 
means of L-form model (Given by 
and by means of clover leaf mode 
Holley 1965), 

In tRNA molecule, about half of the 
nucleotides are base Paired to produce 
Paired stems. Five regions are unpaired or 
Single stranded - AA-binding site, T y C 
loop, DHU loop, extra arm and anticodon loop. 
(i) Anticodon Loop - It has 7 bases out of 
which three bases form anticodon (nodoc) 
for recognising and attaching to the 


xplained by 
Klug 1974) 
I (given by 


codon of 
mRNA. 

(ii) AA-Binding Site - It is amino acid binding 
site. The site lies at the 


3" end opposite the 
anticodon and has CCA - OH group. The 5 


end bears G. Amino acid or AA binding site 


and anticodon are the two recognition sites of 
tRNA. 
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d) 
% 
C Loop - It has 7 bases ou 


a T as ae of 
(iii) b Y jouridine) and ri (ribothym; in 
w (pseu ‘es, The loop is the site fo, atta j. 
unusual bases. hi 

, 
ribosome. 


- The loop contains g_ 
(iv) DHU ol and has dihydrour nN 
It is E G for aminoacyl synthetase en S t, 
binding ag ee - It is a variable side ap ™ 
(v) on between T y C loop and antic, k, 
Ja resent in all RNAs. N 
is p are the (a) clover leaf Mode] ay 
pe model of {RINA. \ 


OH-3 ‘end 


; 


i 
\ Amino acid at. 
4 attaching Kite 










TVC siey ; 
D stem $ 
E IV Tve f 
= ™ 
A ÙD loop © ` 
` ii E arm 
Anticodon stem 
Pu = AÀ + Anticoda 
‘= Ti ic S 
Py = Pyrimidine Il Anticodon loop fi 
5“ 3" 
Anticodon 
(a) 
5’ , 
Ribosomal i 3 
binding loop Amita 
TTO mino acid 
l attaching site 
Amino acy (CCA... Termins 
synthetase 
binding loop 
(DHU loop) 
Anticodon loop 
(b) 
Functions of tRNA are: 
(i) tRNA is meant for transferring am 


Protein synthesis. tRNA binds K 


mino acid to mRNA over particu 
*POnding to their anticodons. | 
(iii) The initia” Peptidyl chains over the mRM 
ini ator tRNA has the dual functio? 


in of th Protein synthesis as well as bring 
e first amino acid, 





pasis of Inheritance 


„oreu! 

f 

RNA Í$ known as an adapter molecule because it 
[Ni n y vg ` 24 i á ` 

| asters amino a ids to ribosomes during protein 

A! h : s RE TN ` q 

(a as for $} nthesis of polypeptides. 

transcripts 


SIL : ar fa 

b) pukaryotie possess extra 

| be Wed introns or intervening sequences 

get : ntal i 

P once $ s. RNA contains both 
s and introns. Ihe functional coding 

are called exons, Splicing is removal 


ç and fusion of exons to form functional 


Cc its ca 
ding sequences, 


hn RNAS: . l 
` p intron starts with dinucleotide GU and ends 


with dinucleotide AG (GU-AG rule). They are 
ecognised by components of splicing apparatus 
af sn-RNPs or small nuclear ribonucleoproteins 
(viz, Ul, U2, Ud; US, U6). A complex called 
spliceosome is formed between 5° end (GU) and 
3 end (AG) of intron. Energy is obtained from 
ATP. It removes the intron. The adjacent exons 
are brought together. The ends are then sealed by 
RNA ligase. 

142. (a) The relationship between the sequence 
of amino acids in a polypeptide and nucleotide 
equence of DNA or mRNA is called genetic code. 
(b) Refer to answers 126 and 138 (iv). 

143. The two specific codons are initiation codon 
on one side (AUG or GUG). and termination 
codon (UAA, UAG or UGA) on the other side of 


mRNA. 

144. Smaller sub-unit of «ribosome encounters 
mRNA during initiation of protein synthesis. 

145. Aminoacylation oF charging of the tRNA 
is the process during which the amino-acyl- 
adenylate-enzyme complex reacts with tRNA 
specific for the aminosacid to form aminoacyl- 
{RNA complex. Enzyme and AMP are released. 
{RNA complexed with amino acid is sometimes 
called charged tRNA. The amino acid is linked to 
3-OH-end of tRNA through its -COOH group, 
AA ~ AMP — E + tRNA > AA -tRNA + AMP +E 
Aminoacyl adenylate enzyme 
The aminoacyl-tRNA complex specific for the 
initiation codon reaches the P-site to initiate the 
process of protein synthesis. 
146. Ribozyme (catalytic RNA) is present in 
ribosome and joins the amino acids together by 
peptide bond formation to form protein chains. 
Release factor (RF) is GTP dependent. It binds to 
the stop codon, terminates translation and release 
the complete polypeptide from the ribosome. 
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147. Peptide bond formation occurs in the 
peptidyl transferase centre present in the larger 
sub-unit of ribosome. Peptide bond formation 
occurs between the nascent polypeptide 
chain and the new amino acid resulting in the 
elongation of polypeptide chain. An aminoacyl 
IRNA complex reaches the A-site and attaches 
to mRNA codon next to initiation codon with 
the help of its anticodon, The step requires 
GTP and an elongation factor. A peptide bond 
(—CO —NH—) is established between the 
carboxyl group (— CH ) of amino acid 
attached to {RNA at_Pòsite And amino group (— 
NH,) of amino acid Attached»to {RNA at A-site. 
The reaction is (eatalysed, by enzyme peptidyl 
transferase which is an RNA-enzyme- 

A lot of energy is consumed in protein synthesis. 
For“every single amino acid incorporated the 
peptide chain one ATP and two GTP molecules 


are used.. 
148. Refer to answer 14>. 


149. When a small 
encounters an miRNA, the 
of mRNA to protein begins. There are two sites in 
the large sub-unit for the subsequent amino acids 
to bind to and thus, be close enough to each other 
for the formation of peptide bond. The ribosome 
also acts as a catalyst (23 S rRNA in bacteria is 
ribozyme) for the formation of peptide bond. 

Formation of a peptide bond requires energy. 
Therefore, in the first phase itself amino acids are 
activated in the presence of ATP and linked to 
their cognate tRNA — a process called charging of 


tRNA. 


150. Polypeptid 
when a nonsense CO 


sub-unit of ribosome 
process of translation 


e chain synthesis is terminated 
don of mRNA reaches the 
A-site of ribosome during protein synthesis. There 
are three nonsense codons-UAA, UAG and UGA. 
These codons do not specify any amino-acid. So, 
translation is stopped. GTP dependent release 


factor, cleaves the polypeptide from the terminal 


IRNA releasing the product from the ribosome. 
the small subunit of 


151. Initiation When 

ribosome encounters the mRNA, translation 
begins. The mRNA binds to the small subunit of 
ribosome catalysed by initiation factor. There are 
two sites on the larger subunit of ribosome, the 
p-site and the A-site. The small subunit attaches to 
the large subunit in such a way that the initiation 
codon (AUG) comes on the P-site. The initiator 
tRNA (methionine-fRNA) binds to the P-site. 
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fermination * The Synthesis of polypeptide chain 
UAG matted when Wop/lerminator codons GAR 
i ‘A comes at the A-site of ribosome. 
hese codons do Not code for any amino acid. 
Guanosine triphosphate (GTP) dependent release 
actors cleaves the Polypeptide chain from the 
terminal (RNA, releasing the polypeptide from 
the ribosome. 
An mRNA has some additional sequences that 
are not translated and are referred as untranslated 
regions (OTR). The U'TRs are present at both 5°- 
end (before start codon) and at 3°-end (after stop 
codon), They are required for efficient translation 
process, 
152. (a) a= 5 

a’ = 3’ 


No more amino acids will be added in the given 
Polypeptide chain as a stop codon (UAA) has 
been encountered. 

(b) The DNA sequence coding for serine is TCA 
and the anticodon of tRNA for serine is UCA. 

(c) Untranslated regions (UTRs) are present in 
the leading region (before the initiation’ codon, 
5° UTR) and in the trailer region (after the 
termination codon, 3’ UTR) of the mRNA. 5° UTR 
contains a sequence to Which ribosome binds and 


Initiates translation. 3’ UTR helps in termination 
of translation Process. 


153. (a) mRNA .- Messenger RNA bring 
coded information from, DNA and takes part 
in its translation by bringing amino acids in 


not recognised by amino acids but by anticodons 
of their adapter molecules (tRNAs — aa-tRNAs), 
Translation occurs Over the ribosomes. The same 
mRNA may be reused time and again. In the form 
of polysome, it can help synthesise a number of 
copies simultaneously, 

(b) tRNAs -They are transfer or soluble RNAs 
Which pick up particular amino acids (at 
CCA or 3’ end) in the Process called charging. 
The charged tRNAs take the same to mRNA 
Over particular codons corresponding to 
their anticodons. A tRNA can pickup Only a 
specific amino acid though an amino acid can 
be specified by 2-6 IRNAs. Each (RNA has 
an area for coming in contact with ribosome 
(T w C) and the enzyme amino acyl tRNA 
synthetase (DHU). 
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(c) Ribosomes - {tein synthesis ita; 
the ribosomes, norte E ife there ^i, 
alled protein factories, A ribos È, 
7 -qual parts, small and large. The 
a E has a groove for Pushin , bis 
formed polypeptide ane Protecting the San, N, 
cellular enzymes. The To Subunit ; $04 
larger one like P cap wad eam tunnel Orpi 
‘The two subunits a ee ter Only i ! 
of protein formation. I Ig is essential f bs y 
after the completion of protein SYnthes; 
subunits separate. T 
154. The three type of RNA are ribosom, 
messenger RNA and transfer RNA. Also b 
answer 153. did 
155. The process of decoding Of the w 
from mRNA to protein with the help of tee 
ribosome and enzyme IS called tr Pe 
(protein synthesis). Protein synthesis Occurs 
ribosomes. 

The 4 main steps in protein synthesis ( 
are : activation, initiation, 
termination of polypeptide chain 
The newly synthesised mRNA joins the smal. 
subunit of ribosome at 5’ end. MRNAS carn: 
codon and tRNAs carry the anticodon for 4 
same codon. Activation of amino acid js Catalyy. 
by the enzyme aminoacyl tRNA Synthetase ing, 
presence of ATP. In presence of ATP an amy 
acid combines with its specific amino acyl-tRy: 
synthetase 





translar, 
elon ation _ 
Sation & 


aminoacyl-tRNA complex. Activated tRNA ; 

taken to ribosome mRNA complex for initiatior 

of protein synthesis. 

Initiation of Protein synthesis js accomplishes 

with the help of Initiation factor which ar: 

(IF3, IF2, IF1) in prokaryotes and 9 in eukaryote 

(elF2, elF3, eR]. eIF4A, eIF4B, elFAC, elfi) 

- The ribosome binds to the mRNA! 
the start codon (AUG) that is recognised only? 
the initiator tRNA. A Polypeptide chain forms? 
tRNAs deliver amino acids to the ribosome. Larg 
ribosomal subunit binds the initiation comp” 
A and P) binding site for IRN 
first site is P site or peptidy! a 
led by tRNA met The second site" 
Site and is POsitioned over the seco® 
© ribosome Proceeds to the elongit” 


Oramino acy] 
codon. Th 
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shase of protein synthesis. During this stage 
complexes composed of an amino acid linked 
o (RNA, sequentially bind to the appropriate 
codon in mRNA by forming PAN E ‘we 
sairs with the tRNA anticodon. The ribosome 
moves from codon to codon along the ne. 
Amino acids are added one by one, translat d 
ato polypeptide sequences dictated by DNA 
ad represented by mRNA. The enzyme peptidyl 
synthetase catalyses the formation of pe fide 
bond between the carboxylic group of E a 
at P site and amino group of amino acid at A site 


Enzyme translocase brings about the oven 
of mRNA by one codon. 


The termination of protein synthesis occur when 
a non-sense codon reaches at A site of ribosome 
The chain detaches from the ribosome. A eleac 
factor binds to the stop codon, terminating 
translation and releasing the complete polypeptide 
from the ribosome. Two subunits of ribosomes 
dissociate with the help of dissociation factor. 
156. Inducer is a chemical (substrate, hormone 
or some other metabolite) which after coming in 
contact with the repressor, changes the latter into 
non-DNA binding state so as to free the operator 
gene. The inducer for lac-operon of Escherichia 
coli is lactose (actually allolactose, or:metabolite 
of lactose.) 
Repressor is a regulator protein meant for blocking 
the operator gene so that the structural genes are 
unable to form mRNAs. 


157. When lactosesis present in the culture 
medium, then the lac operonin E. coli is switched 
on. It is because the inducer (lactose) binds to the 
repressor protein thereby inactivating it. It prevents 
binding of repressor to the operator. Consequently, 
RNA polymerase gets access to the promoter and 
transcription of structural genes proceeds. 


158. ‘i gene is regulator gene. It produces a 
repressor, which binds to the operator gene and 
stops its working. This ‘i gene exerts a negative 
control over the working of structural genes. 


159. (a) When the inducer (€.g.» 
comes in contact with repressor, repressor gets 
inactivated. 

(b) When lactose is absent or lacking, the 


transcription of lac mRNA stops. 
(c) B-galactosidase. 


lactose) 


177 
160. (a) The molecule ‘X’ is repressor. It gets 
inactivated when lactose (inducer) binds with it. 
(b) Z-gene codes for P-galactosidase. 
(c) Transcription of the gene stops when lactose 
is absent and thus repressor is free to bind with 
the operator. 
161. Lac operon in E.coli consists of structural 
genes, an operator gene, a promoter gene, a 
regulator gene, a repressor and an inducer. ‘the 
structural genes are inactivated in the absence 
of an inducer (i.e. lactose). It is because in the 
absence of an inducer, the repressor binds to the 
operator gene making it non-functional. RNA 
polymerase enzyme cannot move over it to reach 
the structural genes» Thus, structural genes are 
inactivated and transcription cannot take place. 
162. (a) i= Regulator gene 
p = Promoter gene 
(b) ‘Inducer for the given operon is ‘lactose. Its 
role is to bind with repressor, change the latter into 
non-DNA binding state so as to free the operator 
gene and switch on the lac operon. 


163. Regulatory gene (i gene) produces a repressor. 
In the absence of an inducer (i.e. lactose), the 
repressor binds to the operator gene making it 
non-functional. RNA polymerase enzyme cannot 
move over it to reach the structural genes. ‘Thus, 
structural genes are inactivated and transcription 
cannot take place. 

As regulatory gene exerts a negative control 
over the working of structural genes, therefore 


regulation of lac operon is called negative 
regulation. 


164. Inducer is a chemical (substrate, hormone 
or some other metabolite) which after coming in 
contact with the repressor, changes the latter into 
non-DNA binding state so as to free the operator 
gene. 

The inducer for lac-operon of Escherichia coli 
is lactose (actually allolactose, or metabolite of 
lactose). In the presence of inducer (lactose), the 
repressor gets inactivated due to its interaction 
with it. This allows RNA polymerase to access the 
promoter and tranciption proceeds. Hence, the 
lac operon is switched on. 

When lactose is digested, glucose and galactose 
are formed. Then, the lac operon will stop due to 
the accumulation of glucose and galactose in the 
cell as they cannot be used as an inducer for lac 


operon. 
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165. (a) M is repressor protein, o) 
(b) Binding Of repressor (M) with operator ( 


Switches off the lac operon, 


(c) Presence of inducer iLe, lactose will prevec 
the binding of the molecule M with the apera 
gene, Inducer will bind to the repressor, EEE 
the latter into non-DNA binding state so as to fret 


i . TON 
the operator gene and switch on the lac oper 


166. Lac Operon is the operon of E. coli associated 
with lactose metabolism. It is an inducible operon 
that consists ofa regulator, a promoter, an operator 
and three structural genes z, yand a. The structural 
genes are activated in presence of lactose that acts 
as an inducer. 


r y 
The structural genes are normally 
inactivated, as 


a repressor molecule binds to an 
Operator gene Preventing transcription. These 
Senes get activated when lactose binds to the 
repressor disabling it from binding with Operator. 
Now operator gene becomes free, permitting 
transcription thus expression of structural genes. 
Its expression can bee 


xplained with the schematic 
diagram of lac ope 


ron in open state as follows: 





v AT Aa In presence 
Dra E $. Ae |e of inducer 
| | Transcription 
ee Ne a 
Repressor MRNA lac mRNA 
| | Transtation 
w B-galactosidase Permease Transacetylase 
Inducer ~] 


(Inactive repressor) 


167. An operon ig a Part of genetic material (or 
DNA) which acts ash single regulated unit having 
One or more Structural] genes, an operator gene, a 
Promoter gene, a regulator gene, a repressor and 
an inducer or corepressor (from Outside), 

Lactose acts as an inducer in Jac Operon. The 
repressor molecule coded by i gene is inactivated 
by interaction With the lactose. This allows 
RNA polymerase to access the promoter and 


Off in the absence of la 
molecule binds with the 
Operon and prevents R 


transcribing the operon. 
Diagramm 
follows: 


Operator region of the 
NA Polymerase from 


atic representation of lac Operon is as 
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168. Schematic | a 


switched on’ position Is as follows: 
S P ‘il nl 
eT AS TT i 


T & 
TANSeripy. 
2... 


Repressor mRNA lac MRNA 


| | 


| Translat 
-galactosidase Perme 


duce —] 
(Inactive repressor) 

The operon gets switched ‘oft’ in the absence r 
lactose (inducer). The repressor molecule bind 
with the operator region of the Operon an 
prevents RNA polymerase from transcribing th 
operon. 

169. Refer to answer 167. 


170. Refer to answer 164 and 166. 
171. (a) 


(b) Refer to answer 166. 
(c) Refer to answer 164. 


172. Single nucleotide polymorphism (SNPs 0 
snips) help in finding chromosomal locations to! 


o associated Sequences and tracing hum 
istory, 


rans Ps have helped in get 
ncing, DN nay pougeo 

istory, etc "8¢rprinting, tracing h 

174. (a) 


In find; 
diseg ndir 


Se 4SSOciated 
n tracing 


175. (a) 
( ) Chrom 


1g Chromosomal locations * 
Sequences 

uman history 

roOMosome l 

OSOme ¥ 


arin D 
Ar X 


Mt vecu Rasis of Inheritance 


Nacterial A 
ficial Chromosome 


170.0 
y Ab Yeast A tittcial Chromosome 
f i are A ' 
Ti “ne € the vec tors into f 
which 


i 1 *j `; i ngà f 

yA fragm! yas ire inserted to forn 

ecombinan ies using recombi ee 

P 4 ‘ 4 , man 

rechnolok) ind are then multiplied a t DNA 
S r . 

host uitable 

Ihe two methodologies in 
enome project (I IGP) tt volved in 
‘ S e 
sequence laps or 
J 


aq. a) 
human ł 
pxpressed ai 
ation ofall the genes that are ERD 5, = 
ressed as 


identifi 
d sequencing, the same 


RNA an 
ii) Sequence annotation, ie., sequencin 
; > | ‘ y , 

cet Ol genome and then assigning the fun g whore 
ctions to 


qifferenl regions. 
HGP followed the second methodolog i 
involves the following steps: —_ 
the whole DNA of the cell is isolated and 
proken randomly into fragments on 
(ii) [hey are inserted into specialised vectors like 
BAC (bacterial artificial chromosomes) and YAG 
(yeast artificial chromosome). i 
(iii) [he fragments are cloned in suitable hosts 


like bacteria and yeast. PCR (polymerase chain 
‘ ng ¢ ` i ‘ 
reaction) can also be used for cloning or makin 
copies of DNA fragments. : 
(iv) ‘The fragments are sequenced as annotated 
DNA sequences. 

(v) The sequences were then arranged on the 
basis of some overlapping regions. It necessitated 


the generation of overlapping fragments for 


sequencing. 

(vi) Computer 
the sequences. 
eces were then annotated and 
different chromosomes. All the 


josomes have been sequenced, 22 


based programmes were used to 


align 
(vii) The seq! 
assigned tO 
human chron 
autosomes, X and Y. 
(viii) With the help of 
microsatellites and restriction 
recognition sites, the genetic and phy 
the genome have also been prepared. 
(b) YAC is a vector and 1s expanded as yeast 
artificial chromosome. This vector is used to 
clone DNA fragments of more than 1 Mb in size; 
therefore, they have been exploited extensively 19 
mapping the large genome i.e. human genome 
project. They also contain restriction enzyme sites 
and genes which act as selectable markers 1n yeast. 
n genome project, «y? stands for 


178. (a) In huma 
‘facial -hromosomes) an 


yeast In YAC (yeas! artifice! i / 
i ‘ AC (bacterial artificial 


‘RB’ stands for bacteria 


polymorphism in 
endonuclease 
„sical maps of 


179 


chro > i 
plop [hese are specialised vectors used 
ma g ja, nilapik in human genome project 

n human genome, le 
aa £ me, less than 2 percent of the 
pen es for proteins and functions of only 
50% of discovered genes are known 
(s) Human genome has SNPs at 1.4 million 
ocations: Expanded form of SNPs is Single 
Nucleotide Polymorphism. iii 
179. Chromosome 1 has 2968 genes while 
Y-chromosome has 231 genes. They are maximum 
and minimum genes for human chromosomes 
respectively. 
180. Repetitive/satellite DNA can be separated 
from bulk genomic DNA by using density gradient 
centrifugation. 
181. DNA polymorphism in a pop 
due to mutations. 


182. VNTR stands 


Fandem Repeats. 
VNTRs are short nucleotide repeats in DNA 


that are \specific to each individual and vary in 
number from person to person. DNA probes, 
yremPadioactive, have repeated base sequence 


complementary tO VNTRs. 

183. (a) VNTR stands for Variable Number of 
Tandem Repeats that are short nucleotide repeats 
in DNA which are specific to each individual 
and vary in number from person to person but 
are inherited. DNA probes, are radioactive, have 
repeated base sequence complementary to VNTRs. 
Satellite DNA show high degree of polymorphism. 
The term polymorphism is used when a variant at 
a locus is present with a frequency of more than 
0.01 population. VNTRs are important for DNA 
fingerprinting technique and are also referred 
as “minisatellites . Each individual inherits these 
from his/her parents which are used as 
genetic markers in a personal identity test. For 


hild might inherit a chromosome with 
the mother and the same 


in the homologous 


ulation arise 


for Variable Number of 


repeats 


example, a € 
six tandem repeats from 


tandem repeated four times 
chromosome inherited from the father. One half 


of VNTR alleles of the child resemble that of the 
mother and other half with that of the father. AS 
a result the size of VNTR varjes from 0.1 to 20 
kb. Consequently after hybridisation with VNTR 
probe, the autoradiogram gives many bands of 
differing Sizes- These bands give characteristic 
pattern for individual DNA which 1s used to 


identify individuals- 
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(b) Applications 
follows: 


a) Paternity or Maternity disputes can be solved 
by DNA fingerprinting as it can identify the real 
Benetic mother, father and the offspring. 

Gi) ‘This technique is being used to identify genes 
connected with hereditary diseases. 

(iii) It is useful in detection of crime and legal 
pursuits, 


of DNA fingerprinting, are a> 


(iv) It can identify racial groups, their origin, 
historical migrations and invasions. 
184. DNA fingerprinting technology can help to 
identify the dead individuals. It is a technique 
of determining nucleotide sequences of certain 
portion of DNA which are unique to each 
individual. DNA fingerprints can be prepared 
from extremely minute amounts of blood, semen, 
hair bulb or certain other cells of the body. The 
major steps are as follows : 
(i) DNA is extracted from the cells. It is cut 
into fragments with restriction enzymes. The 
fragments of DNA also contain VNTRs (Variable 
Number Tandem Repeats) which vary in number 
from person to person. 
(ii) DNA fragments are passed .through»gel 
electrophoresis. Fragments of .particular size 
having VNTRs are multiplied using PCR. Alkaline 
chemical is used to split dsDNA to ssDNA. 
(iii) Separated DNA sequences are transferred 
from gel onto a nitrocellulose or nylon membrane. 
(iv) Radioactive DNA probes complementary 
to VNTRs are poured over the nylon membrane. 
Some of them bind with VNTRs (Southern 
Blotting). 
(v) X-ray film is exposed to the nylon sheet 
which gives dark bands at the probe sites. 
Thus, hybridised fragments are detected by 
autoradiography. The dark bands on X-ray film 
represent the DNA fingerprints (DNA profiles). 


185. By using DNA fingerprinting technique, the 
kinships can be identified. Also refer to answer 
184. 


186. DNA fingerprinting helps in determining the 
paternity from a small sample of tissue or a drop 
of blood. DNA fingerprinting is a technique for 
identifying individuals, generally using repeated 
sequences in the human genome that Produce 
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187. F al. vary in number from Person top s 
è jvidual, *< l sen W an EA ii h 
T are inherited. These sequences Shoy, * 
an 


olymorphism. Each individual; i 
A DNA from, his/her parents W A 
tic miarkers in DNA finger Prin, È 

l 


A 
$ 


degree of 
the satellite 
used_as gene a k 
fingerprinting is a techy | 
188. a. nucleotide sequences of certar ) 
Se NA whieh are unique to each individual N 
fingerprints can be prepared from entren, 
minute amounts of DNA sample from blog 
amen, hair bulb or any other cells of the ‘We 
pre refer to answer 184. 4 
189. Refer to answer 186. 
190. (a) Polymorphism is variation at Benes 
level which arises due to mutations T 
polymorphism in DNA sequences is the ha 
of genetic mapping of human genome as well 
DNA finger printing. If an inheritable Mutation; 
observed in a population at high frequency, ta 
referred to as DNA polymorphism. 
(b) Short nucleotide repeats in the DNA are y 
specific in each individual and vary in num}. 
from person to person but are inherited. Tha 
are the ‘Variable Number Tandem Reper: 
(VNTRs). These are also called “minisatellits 
Each individual inherits these repeats from bh: 
her parents which are used as genetic markers zi 
personal identity test. For example, a child må 
inherit a chromosome with six tandem repee 
from the mother and the same tandem repre 
four time in the homologous chromos 
inherited from the father. One half of VN" 
alleles of the child resemble that of the moè 
and other half with that of the father. 


N 


ocula! Basis of Inheritance 


Mo! 

gt _y Restriction endonuclease 181. 
b 2 Agarose gel are called as satellite DNA. Short nucleotide 
c Nitro cellulose membrane repeats in DNA are very specific in each individual 
d VNTR and vary in number from person to person but are 
p wd Hybridisation inherited. Each individual inherits these repeats 
(> Autoradiography from his/her parents which are used as genetic 


markers in DNA fi inting. 
| 2.A small stretch of DNA sequences repeats ngerprinting 


ya time, showsa high degree of polymorphism 


193. (a) Difference between repetitive and 
satellite DNA are as follows : 



















Repetitive DNA 


NA consist of short identical 


















Satellite DNA 
The proportion of the DNA of a eukaryotic cell that 
consists of very large numbers of copies of a tandem 
repeatedly short nuc otid seqmence. lt occurs 
mainly around the centromeres and telomeres of 
the chromosomes. >The highly repetitive nature 
of this DNA fraction gives it a distinctive base 
composition, and consequently when samples of 
DNA are centrifuged, it forms so-called ‘satellite 
bands’ quite separate from the band representing 
the bulk of the cells DNA. 


Repetitive D 
sequences which are repeated several hundred 
p thousand times. It is of three types. Terminal 
repeats, tandem repeats and interspersed 
repeats. The disposition of repeatitive element 
consist either in arrays of tandemly repeated 
sequences OF in repeats dispersed throughout 


the genome. 

































(b) Satellite DNA can be isolated from bulk detection of crime and legal pursuit. 
genomic DNA by density gradient centrifugation. 


(c) DNA fingerprinting is very useful in 


644d @)? 


194. Refer to answer 184. 





7.6 Mechanism of Evolution 
7.7 Hardy-Weinberg Principle 
7.8 ABrief Account of Evolution 


Origin of Life 
7.2 Evolution of Life Forms-A Theory 


7.3 Whatare the Evidences for Evolution ? 
7.4 Whatis Adaptive Radiation? 7.9 Origin and pvo jon of Man 
7.5 Biological Evolution 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (201 8-2009) 


Number of questions — 





>> Maximum weightage is of What are the asked from What are the Evidences for Evolution! 


Evidences for Evolution? ia | | 
, » Maximum LA type questions were asked from 
»»> Maximum VSA, SA | and SA II type questions were Hardy-Weinberg Principle | 


QUICK RECAP 


ORIGIN OF LIFE about an orderly change from one form i 
condition to another resulting in descenda™ 





© Evolution (Gk. e - out, volvere - to roll) is 
unrolling or unfolding of nature that brings becoming different from ancestors. 
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> 


ee 
-e 


sro Kaw as” theory of Nat Darwinism 


"E ih a his VOY age by } i NÍ Ç h sth Selection" 
wart bh D < Y, Can © 1) i 
e t t M ` al win $ lle 
South Ameri sailed to the Gak | 
coast Of SS va. He observed that th e Galapagos Islands about 600 miles away from the west 
‘ C 


: y the finche commo “ie . 
çent iron ches ot main | n birds of Galapagos islands, the finches, were markedly 


and 


I ite 
t lere, Darwin found a living 
+ 


and fossils i 
sSsils of G; aie A 
meti laborator 'alapagos islands are more similar to living species of South 
i etl Pole 
wa 1888 by the English Naturalist Charles D yole 


{Specles by Meansof Naturals 
sp Se 


~- -m e o a 
T 
-mp 


volu The the f 
tion, The theory of natural selection was announced on June 


arwin l ; 
(1809-1882) and Alfred Russel Wallace (1823-1913) in the paper 


se 
orig i lection". 


— 


— ee ee 


s ! pm —— 
pm T, 

| Assumptions of Darwinism 

Rapid multiplication: All Organisms posse 


, SS Enormous fertili F 
ail imited foodand space: Foodand sp us fertility and multiply in geometric ratios. 


dee remains ‘ me 

. i ‘tenc i ; salmost constant Itatle suri i 
(iD Struggle for existence : Limited supply of food ant. [affects duivin A an iyi 
4 


n s N ` and N yice ial SEON R ` > icip - $ > 
duals ot same species, or different specie ‘ pace causes struggle for existence either between the 





` Or À] àd pP . P Rig . 
between organisms and environmental factors. Darwin emphasised 


on physic alcombat for the struggle for existence 


(iv) Appearance of variations ; 


—_—_— ——_ 
-— 


The ever), ` 

ast 7 ` z 7 
wnditions in order to survive successfully, T} ing struggle for existence compels organisms to change according to 
n Successtully, This produc 

$ duces variations among individual 
' a, + 7 la S. 
Natural selection : Organisms wi Ras b 
$ kanl 6 with favourable variations survive and are better adjusted to the changing | 
environment, It yas been called natural selecti - 1 
Selection by Darwin and survivalof the fittest by Herbert Spencer. ! 


4) Origin of species: Useful variati -i 
(vi g P ariations keep on accumulating generation after generation and new species is formed. 


Evidences against Darwinism 


Darwin did not differentiate between somatic and germinal 
variations and considered all variations as heritable. 
Occurrence of organisms that remained unchanged for 









Evidences in favour of Darwinism 











Higher rate ofreproductionin allorganisms, 





Limitation of food, space and other resources. 








Struggle for existence is seen in all organisms. 








several million years. 
e Occurrence of discontinuous variations. 
Arrival of the fittest cannot be explained. 
The effect of use and disuse and the presence of vestigial 


organs cannot be explained. 


. Abundance of variations among individuals of a 











population. 
© Mimicry and protective colouration in certain animals. 














© Correlation between position of nectaries in flowers and 
length of proboscis in pollinating insects. 















Mutation Theory 


* Mutation theory was put forward by Hugo de Vries in 1901. 
+ According to this theory new species originates due to discontinuous vari 


Postulates of Mutation Theory 


¢ Mutations appear suddenly in a naturally breeding population and produce their effects immediately. 


e Mutations are heritable and establish new species. 
n where mutants found unsuitable are destroyed. 






ations (mutations) which appear suddenly. 


















e Mutations are subjected to natural selectio 


Evidences in favour of Mutation Theory 


asis and are therefore heritable. 





Evidences against Mutation Theory 






e Natural mutations are not common. 
e Most of the mutations are negative or retrogressive. 
e Mutation does not explain development of mimicry, etc. 


* Mutations have genetic b 









d retrogressive evolution. 


* ltexplains both progressive an 
g., Ancon 









* Mutations have given rise to new varieties, e. l , 
e Mutations are generally recessive. 


sheep, hornless cattle, hairless cats, dogs, etc. 











he rag mav give rise to a 

or mav tail to produce any. 

Ihis may change the phenotype (trait). 

rene Variation results in change in gene 
trogquencv, 

UD Genetic dritt : Ihe theory of genetic 

drit was developed by geneticist 


Sewall Wright in 1930. It is also 
called as Sewall Wright Effect or 


scattering of variability. Genetic drift 
refers to chance elimination of the 
genes of certain traits, independent of 
genes useful or harmtul eflect when 
a section of population migrates or 
dies of natural calamity. It alters the 
gene frequency of the remaining 
population, Hence genetic drift is a 
mechanism ot evolution that acts in 
concert with natural selection to change 
species characteristics over time. Two 
important examples of genetic drift are 
bottleneck effect and founder effect. 
> Bottle neck phenomenon : The yearly or 
seasonal phenomenon of cyclic fluctuation 
in population density causing periodic 
squeezing of some of the genes npa gene 
pool in random fashion is called)bottle neck 
phenomenon. 
Founder effect : Whema few individuals 
or a small group of individuals from some 


large population invades a new or isolated 
geographical region, ‘they become the 
founders. Thes@*founders carry on a limited 


portion of /the parental gene pool. The 

descendants of the founder isolates in new 

area and tend to have allele ratios similar to the 
founders rather than to the source population. 

(iii) Gene migration (Gene flow) : If the 
migrating individuals interbreed with 
the members of local population, these 
may bring many new alleles into the 
local gene pool of the host population. 
This is called gene migration. This addition 
or removal of alleles when individuals 
enter or leave a population from another 
locality is called gene flow. 

(iv) Gene recombination : It occurs due 
to the dual parentage, independent 
assortment of chromosomes, crossing 
over during meiosis, random fusion of 
gametes and formation of new alleles. 


II. 


ITI. 


Vv 


> 


CBSE Champion Biology Clee. 


(v) Hybridisation: Jt is the , "ris 
organisms which are yeneti aly niet 
in one or more traits (characters) HP 
In intermingling of penes ol aint 
groups of the same variety, specie Verg 
sometimes different species ' Al 


Inheritance of variation ; O 
possessing hereditary characteristie Ait 
helpful, either in the animal's environ, lat a). 
in some other environment, are favre” 
the struggle for existence. ‘Thus, the a. if, 
are able to benefit from the advan My 
characteristics of their parents, sal 


iy 


Natural selection : St is differen 
reproduction which means some men a 
of population have traits (genes) that es i 
them to.grow up and reproduce at a Hk 
rate and leave more surviving offspring. 
theynext generation than others, Le, th. 
are selected by nature. Based upon differe, 
organism-environment relationship. 
following different kinds of natural selection, 
have been recognised, 7 
Stabilising selection or  Balancin 
selection: It acts in the absence of large se 
environmental change or directional changes 
for long period. It favours an intermedia, 
form and eliminates the extreme variants, 
Directional selection or Progressive 
selection: It produces a regular chang 
within a population in one direction in 
respect to certain characteristics. It favours 
the phenotype which is non-average or 
extreme and then pushes the phenotype of 
the population in that direction. 
Disruptive selection or Diversifying 
selection: It is just the opposite of stabilising 


selection ie. the extremes have more 


adaptable phenotypes than the average one 
Consequently, the original population i! 
disrupted into two or more separate group’ 
that later evolve into new species. If disruptive 
selection results in many new species then ! 
is termed as adaptive radiation. This kind 0 
selection is rare. 


Industrial melanism : Industrial melanis™ 


can be explained briefly as follows: 
The peppered moth existed in two 5! 
(forms) : light coloured (white) and mel 


(black). 


rains 
ani 
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\e 
Table : 
le: Summary of Human Phylogeny 
ne 

i Nei Age of Cranial Food/Posture 

appearance capacity 

| 

40 million 

| I. years Has characters of tarsiers, and 

| (Oligocene) anthropoid called monkey 
ape, common ancester of 
man-ape-monkey: 

| pithecus 25 milli l 

F pr) opit : >m ion Soft fruits, Muzzleand canines large, 

| african i leaves, knuckle | arms and legs equal-sized. 

| (Earliest fossil (Miocene) walker 

ape) 

| . J = < . 

3. pamapithectts 15 million Seeds, nuts, Canines small, molars large, 

(earliest yeahs semi-erect arboreal man like dentition. 









hominid fossil) | (Miocene) 


australopithecus 
africanus (first 
ape-man) 










n magnum ventral, 


Forame 
ed small 


Essentially ate 
canines small, hunt 


fruits, fully 
erect, 1.5 m 
Probably did 
not eat meat, 


fully erect 


5 million 
years, 
(Pliocene) 






















game. 
Canines small, earliest stone 
tools, hunted large gam© 
Bipedal gait, cave-man led 
community life. 

Thick, low forehead; brow 
ridges, used stone and bone 
tools, hunted big game. 


Cave dweller, made flint flake 
tools, used hides as clothes, 
buried the dead, speech 
centres had developed, used 
syllabic language, prognathus 
face, chin absent. 


Strong jaws with teeth close 
together, wisdom _ teeth, 
cave-dweller, paintings and 
carvings in Caves, had art 
and culture, orthognathous 
face, broad pelvic basin, 
prominent chin. 

Backbone with 4 curves; most 
intelligent; has art, culture, 
































2 million years, 
(Pleistocene) 
Early in Africa 


Homo habilis — 
(the first 
hominid tool 
maker) 
Homo erectus - 
(the erect man) 
(Java man) 







650-800 


1400 




























Probably ate 
meat 150-1 80 
cm. tall 


LS million 
years, (Mid 
Pleistocene) 

















Omnivorous, 


100,000 to 
1.5-1.66 m tall 


40,000 years, 
(Pleistocene) 


Homo neander- 
thalensis — (The 
Neanderthal 
man) (First 
civilized man) 























Omnivorous, 
1.8m 







1650 


1300-1600 


~ bi. 






















34,000 
years Recent 


(Holocene) 


Homo sapiens 
fossilis —- (the 
fossil modern 
man or Cro- 
Magnon man) 




























Omnivorous, 


25,000 years 
: 1.5-1.8m 


(Holocene) 












Homo sapiens 
sapiens - (the 
living modern 
man) 


language. 
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7.1 


Previous Years’ 





Origin of Life 


WAYNE (1 mark) 7 s 
Taldane i 
l. State two postulates of Oparin and en | | 
with reference to origin of life. (Al < i É S y 
f } . _— PP 
2. Write the hypothetical proposals put a d wy l + ) 
Oparin and Haldane. (Foreign 2 f mis | j 
> N: > entist who disprove Y 
3. Name the scientis ` Delhi 3010) i (Al 


spontaneous generation theory. 


SATS (2 marks) 


10. 


Expres the (hic Ory of Diogenes 


(a) 
flow did Miller demonstrat. R, 


pepe e (b) I ni y 
4. What was proposed by Oparin and Haldane qfentally the che miae í volution 
on origin of life? How did iee Millers happened three billion years “em 
experiment support their proposal! i elhi do 
(Foreign 2014, Delhi 2011C) 
‘lier’ rks 
5. Mention the contribution of S.L. Millers ISAS (3 marks) 
experiment on origin of life. (Al 2093) pi. Describe the experiment that helpeg 
6. Write the Oparin and Haldane’s hypothesis Pasteur to dismiss the theory of SPOntar, 
about the origin of life on Earth. How does generation of lite. (Delhi ; 
meteorite analysis favour this hypothesis! 12. State the theory of Biogenesis, How ; 
(Alas 13) Miller's experiment support this theory! 
7. List the two main propositions of Oparin (Delhi) 
and Haldane. (AI 2013) . 
7.3 What are the Evidences | 
8. Name the scientist,who,has used the set-up . 


shown. Write thepurpose of ‘a’ in the set-up 
and the conclusion the scientist arrived at. 





Evolution ? 


(1 mark) 


L3. 


14. 


I5. 


State a reason for the increased populatie 
dark coloured moths coinciding with th: 
of lichens (on tree barks) during indus: 
sation period in England. (Delhi 2 


Why are analogous structures a res! 
convergent evolution? (AIX 


Name the type of evolution that has rex 
in the development of structures like # 


of butterfly and bird. What are such struc 
called? (Delhi 29. 


(Delhi 2013C) 
9. The figure given represents Miller’s apparatus 
used for his experiment. Name the chemicals 
found in the samples drawn from ‘c. How did 
this experiment support evolution? 


16. Identify the examples of convergent ew" 


from the following 
a Flippers of penguins and dolphis 
) Eyes of Octopus and mammals 
c) Vertebrate brains (Delhi: 





ato Tuber 
vol \l ul CES and potato tub 
ers are 


ajili OF canvergen evolution” J 
© Justif 


Ix 
rarement 


he» (Delhi 
the clhi 2013) 


entity examples of 
os from the following 


homologous 


P ru ctt 
1 Vel rebrate hearts 
(a) -i | 
qhorns in Bougainvillea 3 
lb 5 and tendrils 
oucur bles ~~ 
3 rood storage organs in sweet potato and 
< ATIC 
Ate | 
nota a (Delhi 2013) 
Ki . similarity Detwe 
; rite he si rity between the wing of 
puttertly and the wing of a bat. Wh ; 4 
at do 


* 


i similarities 


97 


s” 


13 
a 


24. 


25. 


26. 


Zi. 


` n inter from the above wi 
you inte t ve with refe 
rence to 


inn? 

evolution: (Delhi 2012) 

state the significance of the study of fossils i 
SS n 

evolution. (Delhi 2012) 


significance of biochemical 
amongst diverse organism in 
evolution. (Delhi 2012) 
Comment on the similarity between the win 
of a -ockroach and the wing of a bird What 
do you infer from the above, with reference 
to evolution’ (AI 2012) 
explain convergent and divergent evolution 
with the help of one example of each. 

(Delhi 2010) 


Mention the type of evolution that has 


brought the similarity as seem in potato tuber 
and sweet potato. (Delhi 2009) 


Why are the wings of a butterfly and of a bat 
called analogous? (Delhi 2009) 
Are the thorn of Bougainvillea and tendril 
of Cucurbita homologous OF analogous: 
What type of evolution has brought such a 


State the 


similarity in them? (Delhi 2009) 
Are the wing of a bird and the forelimb of 
us? Name 


a horse homologous OF analogo 
the type of evolution that explains the 


development of such structures. 
(Foreign 2009) 


HAA (2 marks) ——— etn 


28. 


(a) Select the homologous stru 


the combinations given below : 
(i) Forelimbs of whales and bats 
(ii) Tuber of potato and sweet potat 


(iii) Eyes of octopus * 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 
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(iv) Thorns of Bougainvillea and tendrils of 
Cucurbita. 

(b) State the evolution they 
represent. (AI 2015) 
Select two pairs from the following which 
exhibit divergent evolution. Give reasons for 
your answer. 
(a) Forelimbs of cheetah and mammals. 
(b) Flippers of dolphins and penguins. 
(c) Wings of butterflies and birds. 
(d) Forelimbs of whales and mammals. 

(AI 2015) 


evolution with two 
(Foreign 2015) 


kind of 


Explain 
examples. 


divergent 


Is sweet potato analogous OF homologous to 


potato tuber? Givesreasons to support your 
(Delhi 2015C) 


the help of an example the type 


answer. 


Explain with 
of evolution homology is based on. 

(Delhi 2015C) 
State the evolutionary relationship giving 
reasons between the thorn of Bougainvillea 
and tendril of Cucurbita. (Al 2015C) 


Identify the following pairs 2 homologous 
and analogous organs: 

(a) Sweet potato and potato 

(b) Eye of octopus and eye of mammals 

(c) ‘Thorns of Bougainvillea and tendrils of 


Cucurbita. 


(d) Forelimbs of bat and whale. 
| (Delhi 2014) 


w natural selection operates in 


Explain ho 
f white winged 


nature by taking a? example O 


and dark winged moths of England. 
(AI 2014C ) 


Write about the ancestry and evolution 


of bat, horse and human on the basis of a 
study of their forelimbs. What 


comparative 


are these limbs categorised as? 
(Delhi 2013 C) 


How does palaeontological evidences 


support evolution of organisms On © 
( 


What does the comparison between the eyes 
of octopus and those of mammals say about 
their ancestry and evolution? (Al 2013C) 





192 
t 
l teation SE 
39. In England, before Pirie Geum gre 
in, there were more white winge the 


40. 


41. 


42. 


43. 


than dark winged moths. Poe en 
number reversed in the same area Y this 
industrialisation set in. How aa 
observation support natural select ay 2013C) 
Choose two pairs of homologous aenar 
from the following and mention why 

are so called: 

(a) Hearts of humans and monkeys 

(b) Eyes of octopus and mammals ‘Te of 
(c) Thorns of Bougainvillea and tendrils O 
cucurbits 


i d dolphins. 
(d) Flippers of penguins an rate 3012C) 


S 
Divergent evolution leads to homolgou 


structures. Explain with the help of an 
example. P (AI 2011C) 


Convergent evolution leads to analogous 
structures. Explain with the help of an 
example. (AI 2011C) 


Why are thorn of Bougainvillea and tendrils 
of Cucurbita called homologous? What does 
this homology indicate? (AI 2011C) 


ESAD (3 marks) 


44. (a) Differentiate between analogous and 


45. 


46. 






‘How. does the study of fo 


homologous structures. 
(b) Select and write analogous structures 
from the list given below - 
(i) Wings of butterfly and birds 
(ii) Vertebrate Hearts 
(iii) Tendrils-of Bougainvillea and Cucurbita 
(iv) Tubers of sweet potato and potato (2018) 
Differentiate between homology and 
analogy. Give one example of each. (AI 2016) 
Differentiate between 


convergent evolution. 
each. 


divergent and 
Give one example of 

(AI 2016) 
Explain convergent evolution with the help 
of two examples. (Foreign 2015 ) 
What are analogous Structures? How are 
they different from homologous Structures? 
Provide one example for each. (Foreign 2015) 


How did industrialisation play a role in 


-~ Natural selection of light and dark coloured 
pve moth in England? 


(Delhi 2015C) 


SSils Support 
(AI 2015C) 


53. 


54. 


55. 


ZARA 
waai "hye y 


a convergent evolution me, 
explain © ‘ 


ants. ? 
ample for pl (Dey, 
exi loes industrial Melanisy, 
y £ ; > P 
Darwin MN 
aad | t T (Ay A 
sonvergent ¢vONuon and 
pe tion are the two conce ts a 
hn a Explain each, OM 
rganic evo!’ ~A Onei 
O 


help of an example. 


(Fo ii 
reip, 






P rn Der 
, MO 8 | RY 
TE Aasi i 
A SA 4yh ~« ot Nes $ 
T KAR A 
T à >U , XN a $ 
a 
(a) (b) 


What do these pictures a and ‘bh’ last 

ference to evolution? Explain, i 
re 

(Foreioy 

Explain taking one example of fe 

anatomy that evolution of life fom 


n earth. t 
occurred o (Al ay, 


LAS (5 marks) 


56. 


(a) Differentiate between analo l 
homology giving one °xample each Of pi 


and animal respectively, 


(b) How are they considered as an evid» 
in support of evolution? (Delhi y, 


1.4 What is Adaptive Radiation 





(1 mark) 


37 


Write the term used for resemble 

of varieties of placental mammak 

corresponding marsupials in Australia 
(1/2, Delhi 201% 


ETNE (3 marks) 
58. 


39, 


60. 


61. 


(a) How did Darwin explain adapt 
radiation? 

(b) Give another example exhibits 
adaptive radiation. (3/5, Delhi X 


Explain adaptive radiation with the help 
Suitable example. (Delhi X. 


What is adaptive radiation? When ” 
adaptive radiation be referred (0 ° 
convergent evolution? Give an example i 
(Delhi * 

Explain the interpretation of Charles Da” 

omi he o served a variety of smal r 
Son Galapagos Islands. (Dell 


ye 
evolution 


Explain adaptiv igi , 
62- I ptive radiation with the help 


(a 
of a suitable example. 
(b) Cite an ET where more than 
one adaptive radiation have occurred in an 
isolated geographical area. Name the t 

l e 
ofa evälunan your example depict and aa : 
why it is SO named. (Al 2014) 
Name and explain the evolutionary concept 


3. i i 
k represented in the illustration given below: 


Tasmanian wolf 





Kangaroo 
(AI 2012) 
64. Australian marsupials and placental 


mammals are suitable examples of adaptive 
radiation and convergent evolution. Explain 
giving reasons. (AI 2010C) 


65. (a) Mention the geographical 


specific 


region where these organisms are found. 

(b) Name and explain the phenomenon 
that has resulted in the evolution of such 
diverse species in the region. 

(c) Explain giving reasons the existence of 
placental wolf and Tasmanian wolf sharing 
the same habitat. 








Marsupial GR, 


mole 


Banded 


Koala anteater 





Arve 


Bandicoot 


CÀ Marsupial 
rat 





Wombat Kangaroo 


(Delhi 2009) 


66. Lo 


LF raai Qe 

\ ¥ 

l 2 5 1 
(a) Write your observations ON the 


variations seen in the Darwins finches shown 


above. 

(b) How did Darwin explain the existence 

of different varieties of finches on Galapagos 

Islands? (AI 2009) 
67. Darwin observed a varicty of beaks in small 

black birds inhabiting Galapagos Islands. 

Explain what conclusions did he draw and 


how. (AI 2009C) 
SLAI (5 marks) 
68. (a) How dò the observations made 


during, moth collection in pre- and post- 
industrialised era in England support 
evolution by Natural Selection? 


(b) Explain the phenomenon that is well 
represented by Darwin's finches other than 


natural selection. (Delhi 2017) 


7.5 Biological Evolution 


VGN (Lmark) 


69. What role does an individual organism play 


as per Darwins theory of natural selection? 
(Delhi 201 7) 





EJA (2 marks) 


70. Name the scientist who in uenced Darwin 
and how? (2/5, Delhi 2016) 


71. Explain Darwinian theory of evolution with 
the help of one suitable example. State the 
two key concept of the theory. 

(2/5, Delhi 2014) 


KAN (marks) 


72. Branching descent and natural selection are 
the two key concepts of Darwinian theory 
of evolution. Explain each concept with the 
help of suitable example. (AI 2011) 


73, Fitness is the end result of the ability to adapt 
and get selected by nature. Explain with 
suitable example. (Delhi 2010) 
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C 
an natur 
> sS vhen I 

74. (a) Natural selection operates \ 


selects for fitness. Explain. s y forms 
(b) The rate of appearance of jairan 
is linked to the life span of an example. 
Explain with the help of a suitable a hie 
(Delhi 2 


| ath 
” enlain wit 
75. “Nature selects for fitness. Expla 


7 2009C) 
suitable example. (3/5, A 


7.6 Mechanism of Evolution 


(1 mark) 


i ies what is saltation? 
76. According to de-Vries what is sa 

i (Delhi 2016, 2014C) 
; * warintions in 

77. Write the basis of origin of A 
ani described by Hugo de Vries. — 
organisms as des y nas erst 
78. Mention how is mutation theory of se? 
de Vries different from Darwin's theory > 

30O 9 
natural selection. (Foreign 201 ) 
79. List the two characteristics of mutation that 
help in explaining evolution. (Delhi 2011C) 


80. Mention the key concepts about the 
mechanism of biological’. evolution/ 
speciation according to (a) de Vries and (b) 
Darwin. (Delhi 2010C) 

81. Mention what caused evolution according to 
de Vries. (AI 2009C) 


SATIS (3 marks) 


82. 


Describe the mechanism of evolution as 


explained by Hugo de Vries. (AI 2012C) 
— EN 5 marks) | aes 
83. (a) Explain the salient features of Hugo de 
Orr, 


= Vries theory of mutation. 
Bi (b) How is Darwin's the 


Tà 


iy _ Selection different from it? 










Ory of natural 
Explain. 


(Delhi 201] ) 


Hardy-Weinberg Prin 
sl ee 


ciple 
(1 mark) 

TARAA 
does a popul 
X DAS > x 
species? 


ation become ‘founders’ of 
cst cs: | (Al 2012C) 
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elp of an algebraic equa 
Weinberg explain that in ta. 
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ne is supposed to remy. 


t 4 
with the h Oy 
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. of a ge 
alleles OF + è? ee 
alle ‘hrough generati 
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86. 


h 
ons? wy 
( 


< i 


san 


MIN 3 marks) 


2 = > Ex lai ` 
7 p + PR A É. F Ha i Ure, 
al Equation onthe basis of Hardy Weinp 


principle. | | Delhi »' 
what does the following equation repre, 


Explain. 


88. 


p +2pq+qe=1 
(Al 2015 201 
9... Describe the three different Ways byy 
ams natural selection can affect the frequeng 
a heritable trait in a population. 
. (Foreign 2014, A] 20) 
90. (a) Describe Hardy-Weinberg Princip), 
(b) List any four factors which Affect ger 
equilibrium. 
(c) Describe founder effect. (Foreign } 
91. Giving three reasons, write how H: 
Weinberg equilibrium can be affected. 
(AIX 
92. (a) How does the Hardy-Wein 
expression (p? + 2pq + q? = 1) explai: 
genetic equilibrium is maintained 
population? 


(b) List any two factors that can distu 
genetic equilibrium. (Al 


SAME (5 marks) 


93. How does the Process of natural se 


mi Hardy- W -inberg equilibrium? E 
ist, the Other four fattori ibat Aik 


(A 
- H . 
ee the shift in Hardy-W 
Wation lead to founder affect? Expl 


( Delhi 
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y 


98. 


99. 





96. 


7, Study 





[ olution 
1.8 a Brief Account of Evolution 


(1 mark) 






a 


95. 


Africa 
evolutionary history of vertebrates? 


(Al 20100) 


(2 marks) 


ot evolution : 
Gnetales; Ferns; Zosterophyllurn; Ginkeo 


(Al 2014C) 


(3 marks) 

the schematic 
evolutionary history 
below and mention : 


[Fens] [Conifers] 


of plant forms pi 
| forms piven 


| 








(a) The plant form ‘Ferns and Conifers are 
most related to. 

(b) The nearest ancestors of flowering plants. 
(c) The most primitive group of plants. 

(d) Common ancestry of Psilophyton 


provides to. 
(e) The common ancestor of Psilophyton and 


seed ferns. 

(f) The common ancestors of mosses and 
tracheophytes. (Delhi 2012C) 
Discovery of lobefins 1s considered very 
significant by evolutionary biologists. 
Explain. (Delhi 2009C) 


(a) Rearrange the following in an ascending 


order of evolutionary tee: 
reptiles, salmander, lobefins, frogs 
(b) Name two reproductive characters that 


probably make reptiles more successful than 
amphibians. (Al 2009C) 


Cocheant) was caught in 1938 in Soutl 
Why it is very ipai 
y IS very sipnihcant in the 


arrange the followi ia tas | 
Real INH IN INECETCAMNK, order 


representation of 
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7.9 Origin and Evolution of Man 


JS) (1 mark) 
100, Write the names ol the following : 
(a) A 15 mya primate that was ape-like. 


(b) A2 mya primate that lived in Fast African 
(2018) 


eating 





grasslands. 
101. Write the probable 


habits of Homo habilis and Homo erectus. 
(AI 2016) 


differences in 


102. Name the common ancestor of the great apes 
(Al 201 1) 


and man. 






103. 1.5 mya f 


+- [Jomo habilis 
~ morèman like 


Australopithecus 

— hunted with stones 

Study the ladder of human evolution given 
above and answer the following questions. 
(a) Where did Australopithecus evolve? 


(b) Write the scientific name of Java man. 
(Delhi 2010C) 


GVM (2 mark) _—___—— 


104. Mention the evolutionary significance of the 
following organisms. 
(a) Shrews (b) Lobefins 
(c) Homo habilis (d) Homo erectus 
(Delhi 2017) 
105. Name the first human like hominid. Mention 


his food habit and brain capacity. 
(Al 2015C) 


f a man based on the 


Java man 


2mya 





106. Name the ancestors O 
features given below : 
(a) Human like, meat-eater with 900 c.c. 
brain, lived in Java. 
(b) More human with brain size 1400 C.C.» 
lived in Central Asia, used hides and buried 
their dead. 
(c) Human like, vegetarian, 
capacity between 650 c.c. and 800 c.c.. 
(d) Man like primate, that existed about 


15 mya. Fossils found in Tanzania. 
(AI 2013C) 


with brain 


%t° P 


baa" Da 
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ESAME (3 Marks) 


} a CHS, 
t07, Write the characteristics ol Ramapithecu 


Dryopithecus and Neanderthal man. 
(Al 2017) 
characteristics of 


an that lived in near East and 
(3/5, Delhi 2014) 


1O8. Mention 


any three 
Neande 


rthal m 
Central Asia. 





—— c> a 


l. The two Postulates of Oparin and Haldane 
With reference to origin of life are: 

(i) ‘The first form of life could have come from 
Pre-existing non-living Organic molecules (c.g. 


RNA, Protein, etc.) and that formation of life was 
Preceded by chemical] evolution. 


(ii) The primitive atmosphere w 


type, i.e., containing gases like CH,, NH,, etc. The 


Earth had high temperature and volcanic storms. 
here was no free Oxygen. 


2. Hypothetical 
Haldane - 


(i) Life Originated Spontaneously from pre- 
existing non-living organic molecules. 


(ii) Formation of life wàs preceded by chemical 


as of reducing 


proposals given by Oparin and 


evolution. 

3. Louis Pasteur disproved Spontaneous 
generation theory and Proved biogenesis. 

4, 


Oparin of Russia 
Proposed that the first 
Originated from pre-exj 


molecules (e.g. RNA, 


and Haldane of England 
form of life could have 
Sting non-living Organic 
Protein, etc.) and that 
formation of life was Preceded by chemical 
evolution je., formation of diverse organic 
molecules from inorganic constituents, 
The Oparin-Haldane theory (also ¢ 
theory or Naturalistic theory) was 


anley Miller. 


alled Chemica] 
experimentally 
iller created 


hydrogen and water in 
passed electrical disch 
°C. He passed the mi 
He circulated the 
week and then an 
of simple organic 
evolution of life. 


an air tight app 


arged from electrodes at 800 


Way for about a 
alysed the contents. For 
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features. 
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5. Miller's experiment SUPPorted 
evolution of life. He experimenta] 
formation of complex organic a 
simple inorganic compounds. In a lose p) 
he circulated mixture of four gases (H,, Ch 
and water vapour) and passed electric i 
through it at 800°C. Formation of some q 
acids, proved that organic compounds werh 
of life. 

6. Oparin and Haldane 
originates from pre-existing 
molecules, such as RNA, 
formation of life was prec 


Proposed thar 
non-livin 

proteins etg 
eded b 


. Y chemi 
evolution. Meteroite analysis confirmed presen 
of similar compounds elsewhere in +s 


maintaining that, life had reached earth in form, 
spores from other heavenly bodies. 


7. Refer to answer 4. 


8. Stanley Miller h 
In the figure g repr 


Mpounds. 
10. (a) Louis Pasteur disapproved abiogen® 
(spontaneous 


&€neration) and put forth P 
cory biogenesis Which states that f 
Originated from Pre-existing life. He took W 
in a long necked ask and then he bent its # 
(swan neck). He boiled the broth in this tls’ 


microorganisms that might be 
1 as kept f 
ji a! i (lask was kept for months but, 


pil! erm lade no life 
mie ed, as the germ tacen dust particles in the 
aa 


nr ‘ ‘rapped by the curved neck of the flask 
i we ved a8 filter. If the swan neck was broken 
pal § broth developed colonies of moulds and 
ah! y Thus, he showed that the source of the 
pacte anisms for fermentation Or putrefaction 
ict? sair and the organisms did not arise 
w35 prient media. i 
he pe Miller (1953), designed an apparatus 
ib) qulating conditions Prevalent on earth 
pe time of abiogenic evolution of organic 
at | ances. The apparatus had a spark chamber 
„bs! v0 electrodes (for simulation of lightning), 
wil for boiling (simulation for evaporation and 
fi ion) and a condenser. A control apparatus 
ircu i prepared but without electrodes in the 
vas chamber. Miller used a mixture of methane, 
ond hydrogen and water in this apparatus. 
si mixture was exposed to electric discharges, 
lowed by condensation. It was continued for 
pi week. The experiment was repeated a number 
Pf times. The products were extracted and 
Jentified through chromatography. He found 
"ave number of simple organic compounds 
duding some amino acids such as alanine, 
glycine and aspartic aid. Miller proved that 
organic compounds were basis of life and organic 
compounds were formed from simple inorganic 


compounds. 


Present 


from 


11. Refer to answer 10 (a). 


12. Theory of biogenesis states that life originated 
from pre-existing forms. Refer to answer 10 (b). 

13. During industrialisation period in England, 
in the industrial areas, sulphur dioxide pollution 
from the burning of coal killed the lichens growing 
on the trees, exposing the darker bark which was 
further darkened by falling smoke particles. So, 
white moths were selectively picked up by birds 
and black moths escaped unnoticed and managed 


to survive resulting in more population of black 
moth than white moth. 


l4. Analogous organs are a result of convergent 
evolution. Convergent evolution is development of 
similar adaptive functional structures in unrelated 
broup of organisms. e.g., wings of an insect and 
wings of bird show convergent evolution, both 

ave similar function but different basic structure. 


Ki. 
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15. Refer to answer 14. i 

ing é olohins ane 
16. (a) Flippers of penguins and dolj asi 
(b) eyes of octopus and mammals are analog, 
organs showing convergent evolution. 


17. Sweet potato tubers (root modification} 
and potato tubers (stem modification) | shows 
convergent evolution as both have difieren 
structure but perform similar function of storing 
food. Thus, these structures are analogous. 


s of 
18. (a) Vertebrate hearts and (b) thorn ; 
Bougainvillea and tendrils of Cucurbita are 
homologous organs, indicating common ance try. 


19. Wing of butterfly and wing of bat are 
analogous organs as they perform similar function 
of flying but have different origin and structures. 
Wings of butterfly are composed to chitinous 
membranes while wings of bat are composed 
of bony skeleton, This infer that they represent 
convergent evolution. 


20. Fossils are remains of organisms of the past 
buried in different strata of the earth. The study of 
fossils helps in understanding about the past life. 
(i) The fossil records have helped in 
reconstructing the phylogeny of many organisms 
e.g., of horse, elephant and man. 

(ii) Fossils also indicate the connecting 
links between two groups of organisms @.g., 


Archaeopteryx shows features of both reptiles and 
birds. 


21. Similarities in proteins and genes performing 
a given function among diverse organisms 
give clues to common ancestry. Biochemical 
similarities point to the same shared ancestry as 
structural similarities among diverse organisms 
and hence show common ancestry and evolution 
of different groups of organisms. 


22. Wing of a cockroach and wing of bird are 
analogous organs as they have different basic 
structure but perform same function, and thus 
show convergent evolution. 


23. Divergent evolution is development of 
different functional structures from a common 
ancestral form. It represents adaptive radiation. 
Homologous organs show adaptive radiation or 
divergent evolution E.g., Darwin's finches of the 
Galapagos islands. They had common ancestors 


but now have different types of modified beaks 
according to their food habits. 
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Convergent evolution E development of simila 
' ’ 1% 
adaptive fune tonal structures in unrelated grou 
i i , » Or 
Of organisms. It js called adaptive convergence í i 
od "or > o > (S 
~Ynvergent evolution, Eg, wings of insect, bir 
æ 


and bat, 

24, Refer to answer 17, 

25. Refer to ans wer 19, 

26. ‘Thorn of Bougainvillea and 
x n ; r 7 f ; sË 

Cucurbita are homologous organs. [hey both art 
a n o., i r ee £ t 

from axillary position but they perform p 

functions. Thorns provide protection and tendri 


tendril of 


Provide support. They have anatomical similarity 
but differ functionally, Divergent evolution has 
brought sucha similarity in them, 

27. Wing of bird and the forelimb of horse 
are homologous organs, as both have same 
fundamental Structures but have different 
functions i.e., for flying in bird and in horse for 
running. Homology indicates common ancestry 
and shows divergent evolution. 


28. (a) (i) Forelimbs of whales and bats and)(iv) 
thorns of Bougainvillea and tendrils of Curcurbita 
are homologous organs. 

(b) These structures represent, divergent 
evolution, indicating common ancestry, having 
same fundamental stfùcture. but different 
function. 


29. The organs which exhibit divergent evolution 
are: 

(a) Forelimbs oftcheetah and mammals 

(d) Forelimbs of whales and mammals 

Whales, cheetah, bat and human (all mammals) 
share similarities in the pattern of bones of 
forelimbs. Though these forelimbs perform 
different functions in these animals, they have 
similar anatomical structure i.e., all of them have 
humerus, radius, ulna, carpals, metacarpals and 
phalanges in their forelimbs. Hence, in these 
animals, the same structure developed along 
different directions due to adaptations to different 
needs. This is divergent evolution and these 
structures are homologous. 


30. Divergent evolution is development of 
different functional structures from a common 
ancestral form. It represents adaptive radiation. 
Homologous organs show adaptive radiation. 
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31. Refer to answer ih 
32. Homology ! sent evd 


‘ Pr x Ma 

‘adicates common ancestry, Home f 
piace l ay Jin, 

It < have the same fundamental] strucy,, © 
organs s re 


wre different in functions. These organs "| 
ne ame basic plan of organisation during 
ii But in ie adult condition A 
organs are modified to per orm ifferent fun’ 
as an adaptation to different environ, 
Examples : The forelimbs of man, cheetah, , 
nd bat have the same basic structura] a 


havedifferent shapes and functions, t, 


33. Refer to answer 26. 

34. Homologous organs (c) Thorn, | 
Bougainvillea and tendrils of Cucurbita r 
forelimbs of bat and whale. 

Analogous organs: (a) Sweet potato and Pots 
(b) eye of Octopus and eye of mammals. 


35. Natural selection is the process by whi 

those organisms that are best suited to the: 

environment and are able to reproduce well » 

changed environmental conditions, Survive, (y 

of the most striking examples, which demonstra: 

the action of natural selection in the wild js th 

case of peppered moth, Biston betularig that liv 

in all parts of England. 

Due to industrial smoke and soot the pale tz 
trunks became more and more blackened. Ası 
result, the light moths stood out in contrast tot 
background, increasing the possibility of bës 
easily detected and eaten by their predators, $ 
as birds, in much greater number than the d 
Mmelanic variety. Decrease in the number of Le 
winged moths and increase in the number ' 
dark variety was the ultimate result. There! 
evolution favoured the dark winged me 


; ar tht 
Oduce more successtully for “ 


i p la 
m the’ polluted ass ol Eng 


Evolution Of darker form 


- l gi” 
; In response to indu 
Pollution is know 


n as industrial melanism. 


r tive study of f 
ibs 
S of ba 
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shows com 
Mon ance 
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t h 
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Y OF Common 


' hi ve similar anatomical structu Orelimbs, as 
ihe) -ulna carpals, metacarpals ar pumerus, 
orform different functions, Gn ba phalanges, 
"aning in horse and walking in huar flying, 
imbs are j m 3 homologous pas — 
es ructure € eve oped along different aie as 

,daptations to different needs PECHENE 


que to | 
wt tocontlogy is the study of past life b 

on il recores: Ther study reveals thet — 
~ forms in past and illustrates the c ype of 
„volution of plants and animals. ourse of 
e gistribution of fossils in the rocks of di 

ages fully supports the concepit ea 
it shows that wing forms became more no 
-omplex as we proceed from earliest to rec ore 
from the fossil records it has been concluded i 


evolution has taken place from simple to complex 


na gradual manner. 

38. Eyes of octopus and mammals are analogous 
organs: which represent convergent «evolution 
ies development of similar adaptive 6 a 
structures in unrelated group of organisms. These 
organs have different structure but perform similar 


functions. 

39. Refer to answer 35. 
40. (a) Vertebrate hearts i.e hearts of humans 
and monkeys and (b) thorns of Bougainvillea and 
tendrils of cucurbits are homologous Orga as 
they have same structure but perform different 


functions. 

41. Divergent 
different functio 
ancestral form, 
different habitats an 
adaptations to new req 


organs. Different mouth parts 


mouth parts of cockroach; honey be 
undame 


is development of 
s from common 


cestors migrated toO 


d organs became modified in 
uirements. EZ homologous 
of some insects. The 
g, mosquito 


evolution 
nal structure 


and butterfly have the same rise 
each of these insects, he mouth e m o 
labrum, a pair of man ibles a d two Ts t 
maxillae, but they have di erent fune eding 
perform, keeping in view their aan dapte 
habits. The mouth parts in cockroach © owing 
honey-be® sucking» 


for biting and chewing. n l . o 
jercing ® 


and lapping, in mosquito for P 
die Ls lt eli cl lt . 
SAME 


in house-f] f i 
siphoning. y lor sponging and in butterfly for 
4 

2. | Convergent 
similar adaptiv 
5roups x 


evoluti : 
ee is development of 
of digani nal structure in unrelated 
Organs in unre| sms, resulting in analogous 
functions eal Qe organisms, which have sinsilar 
Be, these ifferent developmental pat 
Sings ai bee id and bat patterns. 


43. Thorns of Boyvainvi 

Cucurbita are hon ea amd ca = 
the axillary ln 1ologous organs, as both arise in 
aens, taae but are modified for different 
stipport for li Se ie and tendrils as 
common anrllar g. i us, homology indicates 
different panik im» 4 relationship between 
tø diverger N à iflerence in appearance are due 
to dif he ution i.e., the ancestors migrated 
ey tia itats and organs became modified 

aptations to new requirements. 

44. (a) Differences between analogous and 
homologous structures are as follows : 


Homologous 
structures 

































Analogous 
structures 






They differ 
morphologically but 
they have similar 
internal structure. 








They show 
superficial 
resemblance but 
their internal 
structure is quite 
different. 
They develop 

in unrelated 
organisms. 

They have similar 
functions. 
Analogous organs 
show convergent 
evolution. 


















They develop in 
related organisms. 














They perform different 
functions. 
Homologous Org 


show adaptive 
radiation (divergent 


evolution). 


ans 













Example : Vertebrate 
forelimbs. 





Example : Stings 
of honey bee and 






s show analogy 


(b (i) Wings of butterfly and bird i | 
s the basic structure of the wings of the insects !§ 
r ings of birds, however, their 


| homology- 


how structura 
nvillea an 


brates h 
n tendrils) of Bouga! 


(il 

iii ns (not | | 
ai f Cucurbita both arise 10 the axillary 
position hus, show omology: 
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(iv) Sweet Pot 


ato r = 
lific (root Modification) and potato 


(stem 

` MOC ation) show 
we The differences be 
~ MlOBY areas follows ; 


analogy. 


tween homology and 


Homolos 
oMology Analogy 






Homology is the 
Similarity between 
organs of different 
animals based on 





Analogy is almost 
similar appearance 






of organs 
performing 
similar function 
but develop in 
totally different 
groups and have 
totally different 
basic structure and 
developmental 
origin, 








common ancestry or 
common embryonic 
origin and built on 
same fundamental 
Pattern, but perform 
varied functions 

and have different 
appearance. 



























It illustrates 
divergent evolution. 


It illustrates 
convergent 
evolution. 












E.g.,thorns of 
Bougainvillea and 
tendrils of Cucurbita. 


E.g.,Sweet potato 
and potato. 





46. Difference between divergent.evolution and 
convergent evolution are as follows : 





Divergent 
evolution 


Development of 
different functional 
structures from a 
common ancestral 


(ii) | Homologous organs 
show divergent 
evolution. 


Convergent 
evolution 












Development of 
similar adaptive 
functional 
structures in 
unrelated groups 
of organisms. 





















Analogous organs 
show convergent 
evolution. 

























(iii) | Examples: Darwins | Examples: 
finches, Australian | Australian 
Marsupials, Marsupials 
locomotion in and placental 
mammals. mammals, 





various aquatic 
vertebrates and 
wings of insect, 


bird and bat. 
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47. Refer to answer de. 


48. 
49. 


50. 
impress! 
got preserved 


Refer to answer 44. 
Refer to answer 35. 
Fossils refer to the petrified l 
ons of organisms that liveg i Mai, 
in the sedimentary ro 
include bones, teeth, shells and othe, 
of animal or plant body, and also Maly X 
or imprints left by previous organism, re 
d or the moulds and casts of entire.” the 
mud o bedig NON 
Also refer to answer 27. nò 
51. Convergent evolution refers | 
development of similar adaptive ,' 
structures in unre 


lated group of Organis la, 

i > > ls, 14 

also called adaptive ey peene. E.g., Thee t 
of Ruscus dre analogous to leaves of Other dy 
Both look alike and pertorm the same fun Play, 
photosynthesis but are different in Origin, lon y 


52. Refer to answer 35. 


53.4 Refer to answer 46. 

54. In picture ‘a the light-coloured Species ; 
adapted to the lighter background of the Sg 
covered trunks of trees. Here it is not see, i A 
predatory birds. In contrast, the dark winged vt 
are quite visible against the lighter backer A 
hence, are spotted and picked by the preda 
birds. In the industrial areas, as in picture 
sulphur dioxide pollution from the burning ofco 
killed the lichens growing on the trees, EXposi 
the darker bark, which was further darkened by p 
falling smoke particles. Against a dark backgrou; 
the light-coloured moths are conspicuous anq i 
picked up by the predatory birds. For the surviv] 
nature has favoured the dark-coloured melani 
species from the light-coloured species. The former 
has a much better chance of survival under the ne, 


conditions created by pollution. 


55. Study of comparative anatomy an 
morphology shows similarity and difference 
among organisms of today and those that existed 
millions of years ago. These informations give: 
clue to whether a common ancestor was sharedor 
not. Development of many vertebrate organs (eg, 
heart, brain, kidney) indicate the possible path 
of evolution as well as the common ancestry o 
vertebrates. For example, during its development 
the heart of a mammal or bird is initially two- 
chambered (as in fishes), then three-chamberté 
(as in amphibians and some reptiles) and 
ultimately four-chambered. It clearly shows thi 
birds and mammals have originated from fist 
through amphibians and reptiles. 


~ 





£6 


‘are as follows : 
ynald y al 


Homology is the 
similarity between 
org 

common embryonic 
origin and built on 


ans of different 
pattern, but perform 
and have different 


alog 
animals based on 
same fundamental 
varied functions 
appearance. 

It illustrates divergent 

(üi) 











common ancestry or 
evolution. 











Thorns of 
Bougainvillea and 
tendrils of Cucurbita 
are examples of 
homology. They are 
axillary in position 
but perform different 
functions. 














The fore-limbs of man, 
cheetah, structural 
plan consisting of 
umerus, radio-ulna 
carpals, metacarpals 
and digits, The 
fore-limbs of all 
ti “Se vertebrates are 
Similar in structure 
an arrangement but 
ave different shapes 
and functions. In 
Man they are used for 
8asping, in cheetah 
running, in whale 
bat fe amirg and in 
Or flying, 


> 








(a) The differences between homology and 


Analogy 









Analogy is 
almost similar 
appearance 

of organs 
performing 
similar function 
but develop in 
totally different 
groups and 
have totally 
different basic 
structure and 
developmental 
origin. 




















It illustrates 
convergent 
evolution. 


The tendrils 
of grape vine 
and pea are 
examples 

of analogy. 
Tendrils of 

pea are leaf 
modifications 
whereas in 
grape vine it is 
modification of 
terminal bud. 





































The wings of 
butterfly and 
bird serve the 
same purpose 
of flying, have 
superficial 
resemblance, 
but their basic 
structure is 
totally different. 
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(b) Both homologous and analogous organs 
provide concrete evidence in support of evolution. 
Homology, (similarity between organs of different 
animals) indicates common ancestry, or common 
embryonic origin. Analogy shows that evolution 
of similar adaptive features in different groups of 
organisms is due to similar habitat. 


57. Adaptive radiation. 


58. (a) Process of evolution of different species 
in a given geographical area starting from a point 
and literally radiating to other areas of geography 
(habitats) is called adaptive radiation. Darwin's 
finches represent one of the best example of this 
phenomenon, as many varieties of finches were 
Observed to be present in the same island. All 
the varieties, evolved on the island itself from the 
original seed-eating finches that lead to various 
modifications in the finches according to their 
food habits. This evolution in finches enabled the 
birds to become insectivorous, vegetarian, wood 
pecking, ground feeding etc. 


(b) Another example is Australian marsupials. 
A number of marsupials, each different from the 
other evolved from an ancestral stock, but all 
within the Australian island continent. 


59. Refer to answer 58 (a). 


60. ‘The process of evolution of different species 
in a given geographical area starting from a point 
and literally radiating to other areas of geography 
(habitats) is called adaptive radiation e. g., Darwin's 
finches. Adaptive radiation can be referred to 
as convergent evolution, when more than one 
adaptive radiation appeared to have occurred 
in an isolated geographical area (representing 
different habitats). E.g., A number of marsupials, 
each different from the other evolved from an 


ancestral stock, but all within the Australian 
island continent. 


61. During his journey, Darwin went t 
Galapagos island, where he observed amazing 
diversity of small black birds called Darwins 
Finches. From original seed-eating birds, many 
different varieties, with altered beaks arose, such 
as insectivorous finches, vegetarian finches, etc. 
Birds of Galapagos Islands influenced Darwin to 
think about evolutionary change. He reasoned 
that after originating from common ancestral 
seed eating stock, the finches must have radiated 
to different habitats and undergone adaptive 
changes in their beaks which enable the 

to become _ insectivorous, Vegetarian, ac 


O 
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, ieties of 
This process of evolution of different va ines is 
Darwin finches in a given geographical! iğ 
called adaptive radiation. 


62. (a) Refer to answer 58 (a). 

(b) A number of marsupials, ea 
from the other evolved from an ancestral stock, 
but all within Australian island continent. AS 
similar adaptive functional structures develop 
in unrelated group of organisms so, it is called 
adaptive convergence or convergent evolution. 


63. Given illustration represents adaptive 
radiation of Australian marsupials within 
Australian island continent. A number of 
marsupials, each different from the other evolved 
from an ancestral stock, but all within Australian 
island continent. This pattern occurs when 
organisms coming from different stocks evolve 
similar features and adapt to the same habitat. 
This is also referred to as convergent evolution. 


64. Refer to answer 60. 


65. (a) These organisms are found in Australian 
island continent. Refer to answer 62 (b). 

(b) Refer to answer 63. 

(c) Existence of placental wolf. and Tasmanian 
wolf sharing the same habitat is because of 
convergent evolution. 


ch different 


66. (a) Darwin finches show variations in 
the shape of their beaks. During the process of 
evolution, they have evolved from seed eating 
finches to vegetarian insectivorous finches, etc. 
(b) Refer to answer.58 (a). 


67. Refer to answer 61. 


68. (a) Refer to answer 35, 

(b) Darwins finches of the Galapagos Islands 
represent adaptive radiation. Adaptive radiation 
(divergent evolution) is the evolution from a 
common ancestral form to a number of different 
forms. 

Darwins finches had a common ancestor but now 
have different types of modified beaks accordin 

to their food habits. As the original Population 7 
finches increased in size it spreaded out from its 
centre of origin to exploit new habitats and food 
sources. After some time it resulted in Cvolutioy 

of a number of populations, each adapted to A 
particular habitat. Eventually these Population. 
differed from each other sufficiently to cone 


p” 
GEIA CBSE Champion Biology Ch 


species. Darwin differentiated 
new finches and grouped them into i 
S eet Large ground finches (ii) Cactus i 
finches feeding on cacti (iii) Vegetaia 
é nches (iv) Insectivorous tree finches (y) Way, 
finches (vi) Tool-using or Wood pecker Finch, 
69. According to Darwin, fitness (repro > 
fitness) of an individual affects evolution oe, 
An individual organism who better fit i 
environment leave more progeny than other i 
organism will survive More and hence gets Ses, 
by nature. He called this as natural selection y 
implied it as a mechanism of evolution. 


IN 


70. Darwin was influenced by a book ‘An Es 
On The Principles of Populations’ by Tho, 
Malthus. In this, he discussed that there i 
‘positive checks’ that control geometrig 
growing population. Darwin noticed the conti 
between resources of population and its contine 
reproductive pressure. Darwin considered ty 
like humans, competition exist among all livi 
things. Thus, work of T.R. Matlhus on hum 
population growth influenced him. 

71. Darwinian theory of evolution is bx 
on Natural Selection. For example, resistance! 
insects to pesticides, when DDT was introduc 
it was found to be highly effective agı" 
mosquitoes, flies and other insects. Howe 
within a few years, populations of mosquit 
and flies were found to be mostly resistan! o! 
Other pesticides have also caused develop" 
of resistant forms. DDT did not give resist 
to mosquitoes but acted as an environ! 
factor that resulted in natural selection. i 
brought about a change in gene frequencies" j 
Population and gave direction to evolution 


T y 
wo key concepts of Darwinian theo 
evolution are a 


Nat 
Selection. 


Branching descent and 4 


A ranching descent and natural at 
eh am “Oncepts of Darwinism. B% yy 
more a A ers to convergent evolutio” y 
ave ie one adaptive radiation app“ j 
(representin ìn an isolated geograph e 
convergent © different habitats) it is refer a r 
and p]; Evolution, £, g., Australian mi oft 
> acental mammals show ©" 


evoluti 
on. Also refer to answer 35. 


pol li on 


„ture selects for fitness which 
6, tthe ability of an organism to ad 
or py the nature. For 
le 


is the end 
apt and get 
example, a colony of 

a (say A) growing on a given medium has 
cle variation in terms of ability to utilise a feed 
ot A change in the medium composition 
ing out only that part of the Population 
y pi that can survive under the new conditions. 
oe course of time this variant Population 


grows the others and appears as new Species, 
oute 


| G) During the struggle for existence, only 
a individuals could survive which exhibit 
"ons that are more beneficial in facing the 
ships and rigours of environment or which 
ange 10 adapt themselves to the changing 
„vironmental conditions. 
oily the fittest organism survive in changed 
„vironmental condition and those unfit are 
jestroyed. 


During the evolution of reptiles, giant reptiles, 
dinosaurs, etc., appeared. Majority of them were 
ebivorous, but due to certain climatic changes, 
he vegetation disappeared and, therefore, most 
fthem became extinct. However, small animals 
who could change their feeding habits from 
trbivorous to carnivorous diet survived, because 
bey could easily get adapted to the changed 
‘ronment. These, therefore, survived) and 


"produced successfully and hence were selected 
by nature. 


4 The rate of appearance of new forms is 
‘ked to the life cycle or the life span. Microbes 
ta divide fast have tHe ability to multiply and 
“ome millions of individuals within hours. 
“Colony of bacteria (say A) growing on a given 
“edium has built-in variation in terms of ability 
ee a feed component. A change in the 
| ney composition would bring out only that 
; of the Population (say B) that can survive 
bis a new conditions. In due course of A 
Man Population outgrows the others an 
eng ’S new species. This would happen within 
fy) 1 For the same thing to happen ina fish 
the cs Would take million of years as life span 
,  lMals are in years. 


' Ke 
Ý fer to answer 74 (a). 


o altatinn =. j 
tg on IS single step large mutation thal 
cles formation, thus causing evolution. 
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77. According to de Vries, mutations are the 
asis of origin of variations in organisms. 


78. According to Hugo de Vries, mutations are 
sudden and heritable variations which causes 
evolution, hence called it saltation (single step 
large mutations). While Darwins theory of 
natural selection states that speciation is due to 
accumulation of small, directional, and heritable 
variations, and is a gradual process. 


79, According to mutation theory of evolution: 
(i) Mutations are random, inheritable and 
appear in all conceivable directions. 

(ii) Same type of mutations can appear in 
number of individuals of a species. 


80. Hugo de Vries gave mutation theory to 
explain biological evolution. According to this 
theory, mutations are large and discontinuous 
Variations (mutations) which appear suddenly 
and are heritable. Two key concept of Darwin 
theory of evolution are branching descent and 
natural selection. 

81. Refer to answer 78. 


82. Hugo de Vries (1901), on the basis of his 
experiment on O. lamarkiana put forward 
mutation theory to explain the mechanism of 
evolution. According to him, mutation causes 
species formation (and hence called it saltation) 
and thus evolution. These mutations are random 
and directionless. 

Salient features of the mutation theory are 

(i) Mutations are discontinuous variations and 
the raw material of evolution. 

(ii) Mutations appear all of a sudden. They 
become operational immediately, 

(iii) Unlike Darwins continuous variations or 
fluctuations, mutations do not revolve around the 
mean or normal character of the species. 

(iv) The same type of mutations can appear in a 
number of individuals of a species. 
(v) All mutations are inheritable. 
(vi) Mutations appear in all 
directions. 

(vii) Useful mutations are selected by nature. 
Lethal mutations are eliminated. However, useless 
and less harmful ones can persist in the progeny. 
(viii)Accumulation of variations produce new 
species. Sometimes a new species is produced 
from a single mutation. 

(ix) Evolution is a jerky and discontinuous 
process. 


conceivable 


—@QQOw 2 ————_ 
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83. (a) Refer to answer 82. 


(b) Differences between Hugo de Vries’ mutation 
theory and Darwinian’ theory are as follows: 


Darwin’s theory 

















Hugo de Vries 
mutation theory 
















According to 
Darwin, all the living 
cells produce minute 
particles or pangenes 
which pass into germ 
cells for transmission 
to the offspring. 


Only those 
Variations are 
transferred to the 
offspring which 
originate in germ 
cells or in the cells 
which form germ 
cells, 
The theory 
believes in the 
struggle for 
existence. 





















Organisms produce 
more offspring than 
the available food 
and space so that a 
struggle for existence 
ensures amongst them. 






















Variations appear 
automatically. 


Variations appear 
due to change in 
genetic make up. 


The theory 
















It is based on the 


origin and selection | is based on 
of continuous discontinuous 
variations. Variations. 








Evolution isa Evolution is a 


jerky 
process, the 
direction 

of which is 
unpredictable 
though ultimately 
it 

is governed by 
nature. 








continuous process, 
the direction of 
which is governed by 
nature. 







84. When a few individuals or a small group of 
individuals from some large population invades 
a new or isolated geographical region, they may 
have different genotype frequencies from that 
of parent population, hence these become the 
founders or founder members. 


85. Change of frequency ofalleles in a population 
will result in natural selection leading to the 
evolution. 
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86. In a given population one can find Out the 
frequency of occurrence of alleles of a gene or a 
locus. This frequency is supposed to remain fixeq 
and even remain the same through generations 
Hardy-Weinberg principle stated it using algebraic 
equations which says that allele frequencies jp 
a population are stable and is constant from 
generation to generation. The gene pool i.e., total 
genes and their alleles in a population remains , 
constant. This is called genetic equilibrium. Sum 
total of all the allelic frequencies is 1. Individual 
frequencies, for example, can be named P Q etc. 
In a diploid, ‘p’ and ‘q represent the frequency 
of allele ‘A’ and allele ‘a. The frequency of ‘AA 
individuals in a population is simply p°. This jg 
simply stated in another ways, i.e., the probability 
that an allele A with a frequency of ‘p appear on 
both the chromosomes of a diploid individual 
is simply the product of the probabilities, j.e, 
‘p*. Similarly of ‘aa’ is ‘q?, of ‘Aa’ ‘2pq. Hence, p? 
+ 2pq + q°= 1. This is a binomial expansion of 
(p + q). When the measured frequency differs 
from expected values, the difference (direction) 
indicates the extent of evolutionary change, 
Disturbance in genetic equilibrium, or Hardy- 
Weinberg equilibrium, i.e., change of frequency of 
alleles in a population would then be interpreted 
as resulting in evolution. 


87. Hardy-Weinberg equilibrium states that 
there is a balance in the frequency of alleles from 
generation to generation within a large population 
over a period of time assuming that : (i) mating is 
random; (ii) there is no natural selection; (iii) there 
is no migration; (iv) there is no mutation. He also 
stated that sum ofall allelic frequency is 1. In such 
a stable population, for a gene with two alleles, 
A (dominant) and a (recessive), the frequency of 
both allele is denoted as p and q respectively. Then 
the frequencies of the three possible genotypes 


(AA, Aa, and aa) can be expressed by the equation 
: p+ 2pq + q? = l. 
where p? = 


frequency of AA (homozygous 
dominant) individuals, 2pq = frequency of Aa 


(heterozygous) individuals, and q* = frequency of 
aa (homozygous recessive) individuals. 

88. Refer to answer 87 

89. Based upon different organism-environmen! 


relationships, following these different kinds of 
selection process have been recognised: 


Evolution 


(i) Stabilising selection or Balancing selection: 
it favours the average or normal phenotypes 
and eliminates the extreme variants, that fall 
towards both ends of the bell-shaped curve of 
variability for the distribution of measurements of 
henotypic traits. 

(ii) Directional selection or Progressive selection: 
jt favours the phenotype which is extreme and 
then distribution curve of the population is 

ushed in that direction. 

(iii) Disruptive selection or Diversifying 
selection: The extremes have more adaptable 
phenotypes than the average ones. Consequently, 
the original population is disrupted into two more 
separate groups that later evolve into new species. 
90. (a) Refer to answer 87. 

(b) Factors affecting genetic equilibrium are 
gene flow, mutation, natural selection and genetic 
recombination. 

(c) When a few individuals or a small group 
of individuals from a large population invades 
a new or isolated geographical region, they may 
have different genotype frequencies from the 
population parent. These become the founders or 
founder members. 

These founders carry on a limited portion of the 
parental gene pool. Their gene pool may contain 
certain alleles in a very low frequency or may 
lack a few alleles. As a result of the loss of genetic 
variation the new population may be distincively 
different (genotypically and phenotypically) from 
the parent population. Formation of different 
genotype in new settlement is called founder 
effect. 


91. Hardy-Weinberg equilibrium can be affected 
by following WHS: C scememmmnnener 
(i) Gene flow : It refers to the movement of 
alleles from one population to another as a result 
of interbreeding between members of the two 
populations. It causes continual interchange of 
alleles between Of AN SANS os 
(ii) Genetic drift ; It refers to a change in the 
Population of alleles in the gene pool. It is random 
and occurs only by chance. 

(iii) Geneticrecombination: Crossing over during 
meiosis is a major source of genetic variation 
within population. Alleles of parental linkage 
groups separate and new associations of alleles 
are formed in the gamete cells. Offspring formed 
from these gametes showing ‘new combination of 
characteristics are called recombinants. 


92. (a) Refer to answer 87. 
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(b) The major factors known to disturb Hardy- 
Weinberg equilibrium are as follows : 

(i) Gene migration or gene flow. 

(ii) Mutation. 

93. Based upon different organism-environment 
relationships, following different kinds of natural 
selections have been recognised. 

(i) Stabilising selection or Balancing selection: 
It favours the average or normal phenotypes and 
eliminates the extreme variants, that fall towards 
both ends of the bell-shaped curve. The bell shaped 
curve for the distribution of measurement of the 
phenotypic trait produced by stabilising selection 
can be represented by the following figure: 


Mean 










Conserved 


Conserved 
by selection 


Frequency 


Eliminated 


(ii) Directional selection or Progressive selection: 
It favours the phenotype which is extreme and 
then pushes the distribution curve of the 
phenotype, of the population, in that direction. 
Graph representing directional selection can be 
represented as: 
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(iii) Disruptive selection or Diversifying 
selection: The extremes have more adaptable 
phenotypes than the average ones. Consequently, 
the original population is disrupted into two more 
separate groups that later evolve into new species. 
Graph representing disruptive selection can be 
represented as: 


Eliminated Eliminated 





Mean Mean 


Conserved 





Frequency 
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Factors that effect the equilibrium are : 

(i) Genetic drift : It refers to the elimination of 
genes of certain traits when a section of population 
migrates or dies of natural calamity. It alters the 
gene frequency of the remaining population. 

(ii) Mutations : Gene mutation is a random 
change in the base sequence of a gene. It occurs by 
substitution, addition or deletion of one or more 
base. This ultimately affects the allele’s frequency 


in the population. The mutated gene may give rise — 


to a new protein or may fail to produce any. This 
may change the phenotype (trait). 

(iii) Gene flow : The phenomenon of addition or 
removal of alleles when individuals enter or leave 
a population is called gene flow. If interspecific 
hybrids are fertile these may lead to formation of 
new species hence disturbing genetic equilibrium. 
(iv) Gene recombination : Since it adds new 
alleles and combination of alleles to the gene pool 
it is an important process during evolution which 
causes variations. A 
94. Flow of genes between two populations alters 
the gene frequency. Sometimes the change in 
allele frequency is so different in new population 
that they become a different species. The original 
drifted population becomes founders. 

When a few individuals or a small group of 
individuals from some large population invades 
a new or isolated geographical region, carry 
on a limited portion of the parental gene pool. 
Their gene pool may contain certain alleles in a 
very low frequency or may lack a few alleles. The 
descendants of the founder will tend to have ratios 
similar to the founders rather than the source 
population. Formation of different genotype in 
new settlement is called founder effect. 

95. Coelacanth is considered to be the missing 
link between fishes and the first four-limbed 
animals (amphibians). These were the ancestors 
of modern day frogs and salamanders. 

96. Zosterophyllum — Ferns — Ginkgo > 
Gnetales. 

97. (a)Psilophyton, (b) Seed ferns, (c) 
Chlorophyte ancestor, (d) Ferns, conifers and seed 
ferns, (e) Tracheophyte ancestor, (f) Chlorophyte 
ancestor. 


101. Homo habilis and Homo 
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98. Discovery of lobefins is — for 
evolution because lobefins (calle ji ecanth) 
evolved into the first amphibians that live, 
on both land and water. These were ancestor, 
of modern day frogs and n The 
amphibians evolved into reptiles. They ay thick, 
shelled eggs which do not dry up 1n sun Unlike 
those of amphibians. 

99. (a) Lobefins —> Frogs > Salamander „ 
Reptiles 7 
(b) Reptilesweremore successful thanamphibians 
because : (i) They lay thick shelled eggs which 
do not dry up in sun unlike those of amphibians 


(ii) Internal fertilisation. 


100. (a) Dryopithecus was ape-like primate about 


lo mya; Ni ers | 
(b) Australopithecus lived in East African 


grasslands about 2 mya. 

erectus were 
omnivores. Homo erectus perhaps used to eat 
cooked meat or food-because he was the first 
prehistoric man to make use of fire for cooking 
whereas Homo habilis used to zat raw food. 


102. Dryopithecus africanus is the common 


ancestor of great apes and man. 
103. (a) East Africa, (b) Homo erectus. 


104. (a) -Shrews-The first mammals evolved on 
the Earth were like shrews. Their fossils show that 
they were small sized, viviparous, more intelligent 
in sensing and avoiding dangers. 

(b) Lobefins - These fishes were considered to be 
extinct 65 million years ago, until one was captured 
in 1938 in South Africa. They are considered living 
fossils as they evolved into first amphibians that 
lived both on land and water. They were ancestors 
of modern day frog and salamander. 

(c) Homo habilis - Homo habilis (able or skillful 
man, the tool maker or handyman) evolved from 
Australopithecus. He lived in Africa about 2 
million years ago. They had bipedal locomotion, 
omnivorous and moved erect. Homo erectus 
evolved from them. 

(d) Homoerectus- They appeared about 1.5 million 
years ago in middle pleistocene in Java (1891). 

H. erectus evolved from Homo habilis. He had 
erect posture, protruding jaws, small canine and 


large molar teeth. He hunted and perhaps knew 
use of fire. 





Y 





Evolution 


105. Homo habilis were first human like hominid. 
They probably did not eat Meat and their brain 
capacities were between 650-800 c.c. 

106. (a) Homo erectus, (b) 
neanderthalensis, (c) 
Ramapithecus 

107. The characteristics of Ramapithecys are as 
follow: 

(i) They were more man-like an 
walked erect on hind feet. | 
(ii) They lived on the tree tops but also walked 
on the ground. 

(iii) Their jaws and teeth were like those of 
humans. 

(iv) Small canines and large molars suggest that 
they ate hard nuts and seeds like modern man. 
The characteristics of Dryopithecus are as follows: 
(i) They were more ape-like but had arms and 
legs of the same length. 

(ii) Heels in their feet indicate their Semi-erect 
posture. 

(ii) They had large brain, large muzzle, large 
canines and were without browridges. 


Homo sapiens 


Homo habilis, (d) 


d perhaps 
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(iv) They were arboreal, knuckle-walker and ate 
soft fruits and leaves. 


Characteristics of Neanderthal man: 
(i) They possess a brain capacity of 1400 c.c. 
(ii) They walked upright and had low brows, 


receding jaws and high domed heads. They were 
skilled hunters and omnivorous. 


(iii) They used hides to protect their body and 
bury their dead. 


(iv) They were adapted to cold environment. 
108. Characteristics of Neanderthalman: 

(i) They possess a brain capacity of 1400 c.c. 

(ii) They walked upright.and had low brows, 
receding jaws and high domed heads. 


(iii) They used hides to protect their body and 
bury their dead. 


109. (a) _Dryopithecus ‘and Ramapithecus 
appeared about 14-15 million years ago.. 

(b) (i) Homo habilis were first man like animal 
and were discovered in East Africa. 


(ii) Modern Homo Sapiens appeared about 


~ 75;000-10,000 years ago in holocene epoch. 
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© Health is defined as a state o 


f complete with freedom from social tensions. 
physical, mental and social well being and © 


When T re 
not merely the absence of disease or infirmity, mg functioning of one or mo 


i i -Bans or systems of the body is adverse 

Good health is a state of optimum physical affected, characterised } sio pe 

fitness, mental maturity and alertness with symptom erised by various Ape 

freedom from anxiety and social wel] being Lé..weh S, pte that we are not healthy 
™ ave a disease. 





Human Health and Diseases 


Factors Affecting Health 


Faulty composition of genome 
(due to mutations etc.) that is 
present in a child since birth 
can affect health and Causes 
various diseases. 


Diseases 
Congenital 


Contracted after birth due to 
various reasons like infection, 
degeneration, diet, addiction, 
depression, etc. 





Genetic disorders 





Infections 


Infections with different 
pathogenic microorganisms 
like bacteria, viruses also 

cause diseases. 


Our food habits 
exercise, hygiene 









practices etc. also 
affect health. 
















Diseases which a person has already contracted at birth. These may be heredit 

(i.e. inherited from Parents e.g., sickle cell anaemia) or due to a ae tal 
factors prevailing at the time of fertilisation or embryogenesis e.g., cleft f : 
Congenital diseases due to environmental factors are not heredi — 


Communicable 


These diseases are caused by pathogens 
such as bacteria,virus etc.(and can spread 
from diseased person to healthy persons. 


The pathogen is transmitted to a 
healthy person through direct contact 
e.g., ringworm etc. 


Non-contagious 


The pathogen spreads through a 
vector and not through direct contact. 
E.g., malaria, dengue, etc. 
























Deficiency diseases 


Caused by deficiency of certain nutrientsand 
hormones. E.g., scurvy, diabetes etc. 


Degenerative diseases 


Caused by malfunctioning of some important 
organs. E.g., improper functioning of heart. 












Non-communicable 


These diseases do not spread to 
other persons. 
















~~ 















Mental disorders 


Include depression, anxiety, 
mental disability etc. 










Allergic diseases 


Caused when body becomes hypersensitive 
to certain foreign substances. E.g., asthma. 


Cancer 


Caused due to uncontrolled growth of certain 
tissues in the body. 


























Disorders caused due to being 
addiction to certain chemicals. 





Flow chart: Classification of diseases 


Table : Communicable Human Diseases 




















fever, weakness, Antibiotics 













Salmonella typhi |Faecaloralroute | High 
abdominal pain, such as 
constipation, and loss of terramycin and 
appetite. chloromycetin 





are effective 
against the 

bacteria. 
Drugs against 
pneumonia are 

































Single shaking chill, followed 


The disease spreads 
by fever, pain with breathing 


through sputum of 










Pneumonia | Streptococcus 


pneumoniae 













Diplococcus the patient. on the side of lung increased | penicillin 
or Diptoco e and pulse and respiratory rates | streptomycin 
P and cough. andl 





Haemophilus 


à - - ; 

; in uenza Faecal oral route An infection of the intestinal 

ysentery | Shigella tract causing severe diarrhoea 
dysenteriae with blood and mucus. 


ampicillin. 
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Ch, 
rte High fever, bubo in groin or [Anni 
Bubonic Pasteurella/ Transmitted by d |armpit “accinge 
plague Yersinia pestis the bite of a available 
(Black death) rat flea Xenopsylla 

cheopis. t of a grey 
, A , - Developmen 5 
Diphtheria Corynebacterium Droplet infection adherent false membrane DPT Vaccin, 
diphtheriae over the upper respiratory available 
tract or throat. 
Viral diseases p 
. : sean t is 
Common Rhinoviruses Droplets from Virus infects no Á... cured 
cold / Rhinitis cough or sneezes | upper respiratory pa 8 automatica, 
of an infected (but not the lungs) causing | afte; 37 das 
person are either inflammation of mucous Antihistany, 
inhaled directly membranes. There is nasal | and 
or transmitted congestion, flow of mucus, decongestay, 
through sore throat, cough, headache | are used as 
contaminated and slight fever. drugs to 
objects and infect relieve from 
health symptoms. 
Enterovirus Virus enters the Inflammation of nervous Oral polio 
body via faecal-oral system, paralysis with high vaccine, Salk 
route and reaches fever, headache, chilliness, vaccine. 
the nervous system pain all over the body 
through blood 
streamw 
Chikungunya Chikungunya By bite of Aedes Sudden onset of fever, Paracetamo! 
virus aegypti mosquito crippling joint pains, and aspirin 
lymphodenopathy and 
a s - conjuctivitis 
umps aramyxovirus : 
P N Droplet infectio Inflammation of parotid MMR vaccine 
p n land P 
glands 
Measles Rubeola virus Droplet i | 
a Cae oplet infection MMR vaccine 


Amoebiasis 


African 
sleeping 


Kala-azar 






Protozoan diseases 
Faecal Oral route 





Entamoeba 
histolytica 






ape 
Metronidaz0* 
and tinidaz0* 











Trypanosoma 
gambiense 






By the bite Of Gloss 


ina 
palpalis 










Leishmania 
donovani 







Of spleen and 


Y general 
d anaemia. 













Filariasis/ 
Elephantiasis | bancrofti 
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scariasis Ascaris 


Adult worms obstruct 

the intestinal passage 
thereby causing abdominal 
discomforts like colic pains, 
indigestion, diarrhoea and 
vomiting. 
Permanent swelling mostly | Albendazole, 
of feet, legs, thighs, scrotal 
sacs, breast, etc. 


Helminthic diseases 


A healthy 






lumbricoides 


contaminated 
water, soil, etc. 


















Wuchereria Bite of Culex 


mosquito 









Trichophyton, 
Epidermophyton, 
Microsporum 


using towels, 


Malaria 


ð Malaria is caused by a digenetic (having 


two hosts to complete its life cycle) and 
triphasic (having three phases of life cycle) 
protozoan parasite known as Plasmodium. 
Sir Ronald Ross (1897), a doctor in Indian 
Army, established that malarial parasite is 
transmitted by the bite of a female Anopheles 
mosquito for which he got Nobel Prize in 
1902. 


Life cycle of Plasmodium requires two hosts 
for completion human and mosquito. 
Plasmodium enters the human body as 
sporozoites (infectious form) through the 
bite of infected female Anopheles (vector). 
The sporozoites reach theliver cells via blood 
where they initially multiply. 


These then attack the RBCs resulting in their 
rupturing. The rupture of RBC is associated 
with the release of haemozoin, a toxin which 
causes the chill and high recurring fever 
every three to four days. 


The female Anopheles mosquito when bites 
an infected human being, the malarial 
parasites enter into the mosquito’ body 
and undergo further development to form 
sporozoites that finally move to the salivary 
glands of the insect. 

The bite of these mosquitoes introduces the 
sporozoites inside the human body, thus 
Initiating the above mentioned cyclic process 


again. 


person acquires 
infection through 









clothes or comb of 
infected persons 








Fungal diseases 
From soil or by 


© 


© 


> 


Appearance of dry, scaly 
lesions on various parts of 

the body such as skin, nails 
and scalp, accompanied by 
intense itching. 
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Mebendazole, 
Alcopar, 
Zental 





















Dieth- 
ylcarbamazine 












Griseofulvin 
and 
Miconazole 









The attack of malaria is preceded by 
tiredness, headache and muscular pain. 
Malaria is characterised by recurring 
rigors lasting 6-10 hours. There are three 
stages: (i) cold stage (chill and shivering). 
(ii) hot stage (high fever). (iii) sweating 
stage (perspiration and gradual fall in 
temperature). 


There are four species of Plasmodium which 
cause four main types of malaria in humans. 
They are : 

Plasmodium vivax : Causes benign tertian 
malaria in which fever recurs after every 48 
hours. 

P. malariae : Causes quartan malaria in 
which fever appears after every 72 hours, 
and often produces persistent subclinical 
malaria. 

P. falciparum : Causes cerebral malaria 
or malignant tertian malaria where fever 
recurs after every 48 hours. 

P. ovale : Causes mild tertian malaria. 


NON-COMMUNICABLE DISEASES 


© 


Diabetes mellitus or hyperglycemia is 
the most common endocrine disorder of | 
the pancreas caused when either insulin,” 
is produced insufficiently (non-insulin 
dependent diabetes mellitus) or become 
non functional (insulin dependent diabetes 
mellitus). l 
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© In both disorders, the blood glucose 


© 


concentration is elevated above the normal 
range. Glucose is excreted in urine, excessive 


urination and dehydration of body tissues 
occurs. 


Cardiovascular diseases are those diseases 
that affect the blood vessels and heart. 
E.g., arteriosclerosis (hardening and loss 
of elasticity of arteries), atherosclerosis 
(development of lumpy thickness on inner 
walls of arteries that prevent their dilation), 
hypertension (high blood pressure), 
angina pectoris (chest pain due to sclerosis 
of coronary arteries) etc. 


Cerebrovascular accident (CVA) or 
stroke is the sudden interruption of 
blood flow to a portion of the brain 
because of block or rupture of a cerebral 
blood vessel. Thus the brain cells do not 
get oxygen and glucose. This can cause 
paralysis, loss of speech etc. 

Arthritis is a general term that is applied 
to different malfunctions. of the joints. 
These could be osteoarthritis (progressive 
erosion of articular cartilage at synovial 
joint), rheumatoid arthritis (inflammation 
of synovial membrane in synovial joints 
resulting in formation of hard tissues over 
cartilage articulations) infectious arthritis 
(due to bacterial and viral infection)and 
gouty arthritis (accumulation of uric acid 


crystals in joints) 


IMMUNITY 


© 


© 


© 


The overall ability ofan organism to fight with 
the disease-causing organisms, conferred by 
the immune system is called immunity. 

The human immune system comprises 
lymphoid organs, tissues and soluble 
molecules such as antibodies. 


Lymphoid organs are those organs where 
ration and proliferation of 


the ae 
lymp™) ytes takes place. The structurally 


and fu ctionally diverse \lymphoid organs 
and tissues are interconnected by the blood 
vessels and lymphatic’ vessels through 


which lymphocytes circulate. 
" . 


\ 
\ 
\ 
‘\ 
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- Organs where lymphocytes mature ii 
acquire antigen specificity. 

- Thymus is the site of T-lymphocys, 

maturation and bone marrow js th. ik 

of B-lymphocyte maturation, 

- Organs where lymphocytes undergo 
proliferation and differentiation. 

- Lymph nodes, spleen, tonsils, Peyer, 
patches, appendix and mucog, 

associated lymphoid tissue (MALT) ~ 

its example. 

Flow chart : Types of lymphoid organs 























Lymphoid organs 












© Antibodies are immunoglobulins (lgs) 


© 


Types of Immunoglobulins 


which are produced in response to antigenic 
stimulation. 


Immunoglobulins are glycoproteins made 
up of four polypeptide chains (linked by 
disulphide bonds)—two heavy (H) and 
two light (L). Light and heavy chains ar 
subdivided into variable and constant regions. 


Most abundant, found in blood, lymph and 
intestine. 

Predominant antibody in the secondary response. 
Only antibody to cross the placenta. 
Opsonizes i.e., enhance phagocytosis. 

Fixes complement. 









IgA (Secondary immunoglobulin 
- Second most abundant antibody. 

- Found in body secretions including saliva an 
~ Available in colostrum (first milk secreted by ê 
- Localised protection in external secretions 


IgM (Macroimmunoglobulin 
- Largest antibody. 

- Produced early in the primary response. 

- Mostefficient in agglutination, complemen 





d teas. 
motte!) 












t fixation: 









rface of B A 


~ Functions as antigen receptoron su 
J P d and lyme 


- Present on surface of B-cells and in bloo 









- Least abundant. 
- Bound to mast and basophil cells throug 
- Mediate immediate hypersensitivity. 

— Involved in allergic reactions. 


Flow chart: Types of immunoglobulins 
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immune Response 


Q The specific reactivity induced in a host 
antigenic stimulus is known as the im 
response. It is of two types - 
secondary immume response. 


byan 
mune 
primary and 


@ The reaction of the body’s immune system 
to the first attack of Microbes (antigens) 
is called primary immune response. It 





Innate/Inborn/Non-specific 
defence mechanism 






corneum prevents the entry of viruses and 
bacteria. Mucus secreted by mucous membrane 
traps the microorganisms and immobilises them. 
Cilia in nasal tract entraps microorganisms. 

(ii) Physiological barriers : E.g., acid in stomach 
kills most ingested microbes. Cerumen (ear wax) 
traps dust particles, kills bacteria and repels 
insects. Lysozyme present in tears, tissue fluids 
and in almost all secretions (except in 
cerebrospinal fluid), like sweat and urine, attacks 
bacteria and dissolves their cell walls. 

(iii) Cellular barriers : Cellular barriers include 
NK (natural>killer) cells, macrophages and 
leucocytes. 

(iv) Interferons : Glycoproteins released by living 
cells in response to viral attack which make 
surrounding cells resistant to viral infection. 






















© T-lymphocytes or T-cells when triggered by 
antigens, produce a clone of T-cells such as : 

> Cytotoxic or Killer T-cells directly attack 
and destroy antigens by secreting a protein 
perforin. 

» Helper T-cells stimulate the B-cells to 
produce antibodies. They form protein 
mediators called lymphokines. | 

í Suppressor T-cells keep a check on entire 
immune system from attacking the bodys 
own cells. 


Types of immunity or defence mechanism 


(i) Physical barriers : These prevent the entry of 


organisms into the body, e.g., skin covered by 
outer tough layer called horny layer or stratum 


Ifa pathogen is able to pass the body's non-specific 
defences, the immune system reacts with a series 
of specific defences that attack the disease causing 
agent. Unique features of acquired immunity are 
specificity, diversity, discrimination between 
selfand nonselfand memory. 





It occurs when antibodies 
produced outside the body 
are injected into a person 
to counteract antigens 
such as snake venom. The 
yellowish fluid colostrum 
secreted by mother during 
the initial days of lactation 
has abundant antibodies 
(IgA) to protect the infant 
from various diseases. 
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takes much longer time to develop because 
of the requirement of suitable receptor 
development. 


The reaction of the body’s immune system 
to any subsequent infection of the same 
microbe is termed secondary immune 
response. This response is quicker and more 
intense than the primary immune response. 


Acquired/Adaptive/Specific 
defence mechanism 








Active immunity 


It is the resistance 
induced after 
contact with foreign 










antigens, e.f 





microorganisms. 








Memory T-cells are sensitised T-cells which 
retain memory of antigen specificity for 
future, sometimes life long. 


B-lymphocytes or B-cells produce 
antibodies and therefore, generate antibody 
mediated or humoral immunity. They give 
rise to the following cells : 

Plasma cells (Effector B-cells) : The 
antigen specific T-cells stimulate specific 
B-lymphocytes to multiply rapidly forming 
clone of plasma cells. 


On À, 


SE Champion Biolo 
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, Immune System 
Memory B-cells : Some of the activated B Disorders of ity (Allergy) 
cells do not differentiate into plasma cells Hypersensitivity 


but rather remain dormant as memory B vity or allergy is the EXce, 


iti 
| Hypersens1 i 
cells until activated once again by a renewed © i response tO common anti ‘ 
attack of the same antigen. 


Beng 
called allergens. ) 
© Antigen Presenting cells (APCs) are Common examples of allergens are pm: 
EN cells which include e © a asi pollens, etc. Symptoms of ile 
‘lymphocytes and dendritic cells ‘ons include sneezin » Watery _™ 
(e.g., Langerhans cells of epidermis of skin). “ae bal and difficulty bas i d ee, 
They are distinguished by two properties : (i) a i the release of : 
they express class II MHC molecules on the © Allergy 1s due mt € ; ae Chemica, 
membrane, and (ii) they are able to deliver like histamine and serotonin from the may 
a co-stimulatory signal that is necessary for cells. 


helper T cell activation. 


Vaccination and Immunisation 







Person exposed to 
allergen which stimulates 
thesformation of 
Antibodies (mainly IgE) 
that bind to mast cells. 


Subsequent EXPOsure 
Allergen combines 
antibody boung 
cells and basophils 















Mas 


© Vaccination (L. vacca-cow) is the process Which 


of development of immunity against a 
particular disease by inoculation of harmless 
antigenic material like attenuated pathogen 
or its toxoid into a healthy person. 








Allergic response 


Hypersensation, inflammatoy 
responses, anaphylaxis, 


Fig.: Summary of allergic reaction 


© Vaccine is a suspension of killed» or 
attenuated pathogenic microorganisms 
or antigenic preparations made»out of it, 
a ver, asthma, anaphylactic shoc 
which on administration provides immunity © Hay fe poy k ar 
towards the pathogen some common examples of allergy, 


"p? Autoimmuni 
© Immunisation js the process by which of 


the body produces. antibodies against 
the antigens of various diseases through 
administration of specific vaccines. 


| 


© Autoimmunity refers to abnormal immun 
responses in which the immune system 












fails to properly distinguish between self | 

and non-self and attacks self body part. 
Examples of autoimmune disorders are 

rheumatoid arthritis, insulin dependent 





These.are of following types: 


— Attenuated live vaccines with weakened, strains of 


pathogens devoid of pathogenicity, e.g., measles, rubella 
vaccines. 


diabetes, chronic anaemia, chronic hepatitis 
Grave's disease etc. 


AIDS 


© AIDS or acquired immune deficieng | 
syndrome js a deficiency of immune system. | 
It is accompanied by a reduction in th 
number of helper T cells which stimulate 
antibody production by B-cells resulting" 
loss of natural defence against viral infectio™ | 


~ Killed or inactivated vaccine in which pathogen 
is killed or inactivated by heat and other methods, 
e.g., Salk’s polio vaccine. 

— Toxoids - Modified or detoxified toxins are used as 

vaccines, e.g., tetanus toxoid, diphtheria toxoid. 











Second generation vaccines 





~ Made of pure surface antigens of the pathogens 

only, which are multiplied through genetic 
engineering, or recombinant DNA technique, e.g., 
vaccine against hepatitis B. 


Third generation vaccines 


Purest, highest potency vaccines which are synthetic 
in nature. 


HIV isa retrovirus that attacks helper Tels 


Virus of AIDS is transmitted 4 
transfusion of infected blood or blo” 
Products, use of contaminated need 
and syringes to inject drugs or vaccin? 
sexual intercourse with an infect 


09 
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partner without a 
infected mother 
placenta. 


@ The incubation Period of 
between 6 months to 19 ye 


be diagnosed by ELISA tes 
blotting test. 


condom and from 


to child through 


AIDS ranges 
ars. AIDS can 


t and Western 
Western blotting test 


is 
employed for confirmation of ELISA positi 


ve 
cases. 

Q No vaccine has been prepared so far against 
AIDS virus. 


Organ transplantation 


It is the implantation of an organ or tissue from 

one part of the body to another or from one 

person (donor) to another (recipient). Tissue 

matching, blood group matching are essential 

before undertaking any graft/transplant and 

even after this the patient has to take immuno- 

suppresants all his/her life. This is because the 

body is able to differentiate ‘self’ and ‘nonsélf’” 
and the cell-mediated immune response is- 
responsible for the graft rejection. m 


CANCER 


© Cancer is a disease. of . uncontrolled 


proliferation of cells. without any 


differentiation. It’ commonly originates in 
the tissues in which the cells are regularly 
replaced by mitosis. 


© In our body, cell growth and differentiation 
is highly controlled and regulated. In cancer 
cells, there is breakdown of these regulatory 
mechanisms. Normal cells show a property 
called contact inhibition, by virtue of 
which contact with other cells inhibits their 
uncontrolled growth. Cancer cells appear 
to have lost this property. As a result of 
this, cancerous cells just continue to divide 
giving rise to masses of cells called tumours. 
Tumour is of two types : 

> Benign tumour : This is a solid tumour = 
stops growing by itself and does not jiva : 
other tissues and remains confined to a 


particular site. 
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Malignant or tumour : In malignant 
tumours, tumour cells grow very rapidly, 
invading and damaging the surrounding 
normal tissues. Cells from such tumours 
reach distant sites through blood, and 
whenever they get lodged in the body, they 
start a new tumour there. This property 
called metastasis is the most feared property 
of malignant tumours. 


Chemical and physical agents that can cause 
cancer are called carcinogens. These include 
(i) over exposure to ionising radiations 
like X-rays,,UV rays, gamma rays, etc (ii) 
Chemicals like steroids, and arsenic air 
pollutants (iii) Viruses, viz. human papilloma 
virus, the human T cells lymphocytic virus, 
and hepatitis B virus 

(iv) oncogenes and tumour suppressor 
genes. 


Techniques such as radiography (use of 
X-rays), CT scan (computed tomography), 
MRI scan (magnetic resonance imaging) are 
very useful to detect cancers of the internal 
organs. Mammography is radiographic 
examination of breasts for possible cancer. 


DRUGS AND ALCOHOL ABUSE 
© Drug addiction or drug abuse is taking 


drugs for purpose other than clinical use, 
in amount, concentration or frequency 
that impairs physical, physiological and 
psychological functions of the body. The 
drugs, which are commonly abused are 
opioids, coca alkaloids and cannabinoids. 
Majority of these are obtained from 
flowering plants. Some are obtained from 
fungi. 


Habituating drugs are of two types 
psychotropicand psychodelic. Psychotropic 
drugs include tranquillizers, sedatives, 
hypnotics, opioids and stimulants. 
Tranquillizers decrease tension and anxiety 
and produce feeling of calmness 

Sedatives reduce excitement, assuage pain 
and induce drowsiness, 

Hypnotics also induce sleep. 


i 
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© 


Opiate narcotics/Opioids are the drugs 
derived from dried latex of unripe capsular 
fruits of poppy plant, Papaver somniferum. 
Opioids bind to specific opioid receptors 
present in our central nervous system 
and gastrointestinal tract. They are also 
called pain killers. Opiates have narcotic, 
analgesic, and sedative effect. 


Natural opiates 

(i) Morphine 

(ii) Codeine 

Semisynthetic opiates 

(iii) Heroin (Diacetylmorphine) 
(iv) Smack 

Synthetic opiates 


(v) Pethidine (Meperidine) 
(vi) Methadone 
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Stimulants stimulate nervous system, and 
cause excitement. These are caffeine, cocaine, 
crack, amphetamines etc. 


Psychedelic drugs change one’s behaviour, 
thoughts and perception etc. Thése are LSD, 
mescaline, prilocybin, cannabinoids, etc. 


An adolescent can fall easy prey»to drugs, 
tobacco and alcohol. The various reasons are 
curiosity, experimentation, adventure and 
excitement, group or peer pressure, feeling 
of independence, overcoming frustration 
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and depression and unsupportive family 


structure. 


Effects/Symptoms of Drug Abuse 


> 
> 


Reckless behaviour, and violence. 
Coordination of body parts, workin 
of nervous and muscular systems are 


influenced. . . 
Disturbed peristalsis and secretion of 


digestive enzymes. 

Effect on liver and kidneys as they become 
involved in metabolism and elimination of 
their products. The damaged liver undergoe, 
cirrhosis. 

Arrhythmia, bradycardia and tachycardia 
develop impotency. 

Taking of drugs intravenously may spread 
serious infections like AIDS and hepatitis 
B due to sharing of infected needles and 
syringes. 

Lack of concentration. 

Mental and financial distress to the entire 
family. 


Prevention and Control 


> 
> 


Avoid undue pressure on child. 

Teachers and parents should always be careful 
to look for and identify danger signs that can 
indicate tendency to go in for addiction. 
Psychologists, psychiatrists, deaddiction 
and rehabilitation specialists are available to 
help inidviduals who fall in the trap of drug, 
tobacco or alcohol abuse. 


i 
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8.1 Common Diseases in Humans 


VSA (1 mark) 


b Name two diseases whose spread can be 
controlled by the eradication of 
Mosquiloes 


Aedes 
(2018) 
2. Name the two intermediate hosts which the 
human liver fluke depends on to complete its 

life cycle so as to facilitate parasitisation of itg 
primary host. (Delhi 2014) 

3, Why is Gambusia introduced into drains and 
ponds? (Al 2014) 

4. How does haemozoin affect the human body 
when released in blood during malarial 
infection? (forcien 2014) 

§. Malaria, typhoid, pneumonia and amochiasis 
are some of the human infectious diseases. 
Which one of these are transmitted throu, 
mechanical carriers? (Foreign 

6, Name any two techniques that sę 
purpose of early diagnosis of so! 
viral human diseases, | 


f. 


8. List the sy 
healthy pe 






(Al 2014, 2012C) 


9% A patient s symptoms of sustained 


high fever, stomach pain and constipation, 
but no blood clot in stools. Name the disease 
and its pathogen. Write the diagnostic test 
for the disease. How does the disease get 
transmitted? (Delhi 2013C) 
10. (a) Name the protozoan parasite that causes 
amoebic dysentery in humans. l 
(b) Mention two diagnostic symptoms ot 


the disease. 
(c) How is this disease transmitted to 
others? (Delhi 201 2) 


IL Name the parasite that causes filariasis 
in humans. Mention its two diagnostic 


symptoms. How is this disease transmitted 


to others? (Dethi 2012) 


12. Explain what causes chill in humans during 
malarial atack. Name the causative organism 
of malignant malaria. (Al 2012C) 






V syInptomns 
byiasts. 
thi 2009) 


13. Name the causative organis 













14. ymptoms 
ASCAILASLS. 


(AT 2012C) 


15. ive organism, two sy mprornts 
smission of ringworm 


(AT 20120) 





sciemtific names of the causal 
s of clephantiasis and ringworm in 
humans. Mention the body parts affected by 
them (Delhi 2002) 


He t 















‘ame the host and the site where the 
lowing occur in the life-cycle of a malarial 
parasite: 

(a) formation of gametocytes 


(b) fusion of gametocytes. (Deihi 2010) 


18. Define the term ‘health’ Mention any two 
ways of maintaining it. (Al 2010) 


19. List the specific symptoms of typhoid. Name 
its causative agent. (Al 2009) 


20. List the specific symptoms of pneumonia. 
Name the causative organism. (Foreign 2009) 


BEE (3 marks) 


21. Name a human disease, its causal organism, 
symptoms (any three) and vector, spread by 
intake of water and food contaminated by 
human faecal matter. (Al 2017) 

22. (a) State what happens in the human body 

when malarial parasites infected RBCs burst 

to release the parasites in the blood. 

(b) Mention the specific sites in the host 

body where production of 

(i) sporozoites and 

(ii) gametocytes takes place in the life cycle 
of the malarial parasites. (Delhi 2015C) 
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23. 


24. 


29. 


26. 


27. 


28. 


29. 


30. 





Mention any two human diseases caused by 
round worms. Name their causative agents 
and their mode of transmission into the 
human body. (AI 2015C) 


At what stage is Plasmodium picked up by 
the female Anopheles? Describe the life cycle 
of the parasite in this insect. (AI 2015C) 


At what stage does Plasmodium gain entry 
into the human body? Write the different 
stages of its life cycle in the human body. 

(Al 2015C, 2013C, 2012, Delhi 2011, 2010) 
(a) Name the causative organisms for the 
following diseases: 

(i) Elephantiasis, 

(ii) Ringworm, 

(iii) Amoebiasis 

(b) How can public hygiene help control 
such diseases? (Delhi 2014C) 


(a) Write the scientific names of the two 
species of filarial worms causing filariasis. 
(b) How do they affect the body of infected 
person(s)? 
(c) - How does the disease spread? (AT 2011) 
Give the scientific name of the parasite that 
causes malignant malaria in humans. At 
what stage does this parasiteenter the human 
body? Trace its life cycle in human body. 
(Delhi 2009) 


(a) Name the respective forms in which the 
malarial parasite gains entry into 

(i) -human body and 

(ii) body of female Anopheles. 

(b) Name the hosts where the sexual 
and the asexual reproductions of malarial 
parasite occur respectively. 

(c) Name the toxin responsible for the 
appearances of symptoms of malaria in 
humans. Why do these symptoms occur 
periodically? (Delhi 2009) 
(a) Why do the symptoms of malaria 
not appear immediately after the entry of 
sporozoites into the human body when 
bitten by female Anopheles! Explain. 

(b) Give the scientific name of the malarial 


parasite that causes malignant malaria in 
humans. (AI 2009) 


31. 
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A person İS suffering from ascatig 
Mention the pathogen causing the dis 
and an organ of the body affected, e 
symptoms and one mode of transmission e 


the disease. (Delhi 20056 


FEN] (5 marks) _ 


32. 





SD: 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


Describe the asexual and sexual Phases , 
life cycle of Plasmodium that cause malar 


in humans. (Delhi 29, j 


8.2 Immunity 


© (1mark), 


. How do cytokine barriers provide inny 
immunity in humans? (2018) 


Suggest a method to ensure an anamnesti 
response in humans. (Delhi 2017 
How do cytokine barriers help in evading 
viral infections? (Delhi 2015¢) 
In what way is monocyte a cellular barrier 
with reference to immunity? (Delhi 20150) 
Why is colostrum a boon to the newbom 
baby? (AI 2015C) 
Name any two types of cells that act 7 


‘cellular barriers to provide innate immunity 
in humans. (Delhi 2014) 


Why is secondary immune response more 
intense than the primary immune response 


humans? (AI 2014) 
What is an autoimmune disease? Give # 
example. (Foreign 2014 


When does a human body elicit % 
anamnestic response?(AI 2013, Delhi 20110) 


State two different roles of spleen in he 
human body. (A1201 


How do interferons protect us? (AI x? 


What is it that prevents a child to suffer j 
a disease he/she is vaccinated against? 
one reason. (D ahi 20" 
How does colostrum provide nit 
protection against diseases to new | 
infants? Give one reason. (Delni N 


Some allergens trigger sneezing K 
wheezing in human beings. What ane 
type of response by the body? ( Delhi? 


> 


> 
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47. A boy of ten years had chicken-pox, He is not 


expected to have the same disease for the rest 
of his life. Mention how it is possible 


(AI 2009) 
SEWN (2 marks) 


4g. Mention one application for each of the 
following : 


(a) Passive immunisation 

(b) Antihistamine 

(c) Colostrum 

(d) Cytokinin-barrier (AI 2017) 


49, Name an allergen and write the response of 
the human body when exposed to it. 


(Delhi 2014C) 
50. Differentiate between active and passive 
immunity. (AI 2014C) 


51. A student on a school trip started sneezing 
and wheezing soon after reaching the 
hill station for no explained reasons. But, 
on return to the plains, the symptoms 
disappeared. What is such a response called? 
How does the body produce it? (Delhi 2013) 


52. A young boy when brought a pet dog home 
started to complain of watery eyes and 
running nose. The symptoms disappeared 
when the boy was kept away from the pet. 
(a) Name the type of antibody and the 
chemicals responsible forsuch a response in 
the boy. 

(b) Mention the name of any one drug that 
could be given to the boy for immediate 
relief from such a response. (Delhi 2013) 


53. A student on a school picnic to a park on 
a windy day started sneezing and having 
difficulty in breathing on reaching the park. 
The teacher enquired whether the student 
was allergic to something. 

(a) What is an allergy? 

(b) Write the two unique characteristics of 
the system involved in the response observed 
in the student. (Delhi 2013) 


54. How does a vaccine for a particular disease 
immunise the human body against that 
disease? (Delhi 2013C) 


58. Write the events that take place when a 
vaccine for any disease is introduced into the 
human body. (AI 2013) 





56. 


a. 


58. 


59, 


60. 


61. 


62. 


63. 


64. 


65. 
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Why is a person with cuts and bruises 
following an accident administered tetanus 
antitoxin? Give reasons. (AI 2013) 


(a) Highlight the role of thymus as a 
lymphoid organ. 

(b) Name the cells that are released from 
the above mentioned gland. Mention how 
they help in immunity. (Delhi 2012) 


Name and explain the two types of immune 
responses in humans. (AI 2012) 


Name the two types of immune systems in 
a human body. Why: are cell mediated and 
humoral immunities so called? 

(Delhi 2011) 


Identify A, D, E and F in the diagram of an 


antibody molecule given below: 
A 





i D-chain 
C 


F E-chain 
Bond/Bridge (Delhi 2011) 


State the functions of primary and secondary 
lymphoid organs in humans. (Delhi 2011) 
List the two types of immunity a human baby 
is born with. Explain the differences between 
the two types. (AI 2011) 
What is colostrum? Why are breast-fed 
babies likely to be healthy? (Delhi 2011C) 


Why does a doctor administer tetanus 
antitoxin and not a tetanus vaccine to a child 
injured in a roadside accident with a bleeding 
wound? Explain. (AI 2010) 


The barriers in the innate immunity are 
given in the following table. Identify a, b, c, 


and d. 


Physical Skin, a 
Physiological 
i 


(iv) | Cellular 











~ 


(Delhi 2010C) 
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66. 


67. 


68. 


69. 


70. 


as 


72. 





73. 


74. 





Name and explain the type of immunity that 

is provided by injecting microbes deliberately 

during immunisation into the human body. 
(Delhi 2010C) 


(a) How does a vaccine affect immunity? 


(b) How can we get immunised against 
tetanus? (AI 2010C) 





(a) What does the above diagram illustrate? 
(b) Name the labelled parts ‘A and ‘B. 


(c) Name the type of cells that produces 
this molecule. (Delhi 2009) 


(a) Name the lymphoid organ in humans 

where all the blood cells are produced. 

(b) Where do the lymphocytes produced 

by the lymphoid organ mentioned above 

migrate and how do they affect immunity? 
(AI 2009) 


What is colostrum? Why is it important to be 
given to the newborn infants? (Foreign 2009) 


How does spleen act as a lymphoid organ? 
Explain. (Foreign 2009) 


Explain the response initiated when a dose of 
vaccine is introduced into the human body. 
(Delhi 2009C) 


MIE (3 marks) ___ 


(a) Itis generally observed that the children 
who had suffered from chicken-pox in 
their childhood may not contract the same 
disease in their adulthood. Explain giving 
reasons the basis of such an immunity in an 
individual. Name this kind of immunity. 

(b) What are interferons? Mention their 
role. (AI 2016) 


A heavily bleeding and bruised road accident 
victim was brought to a nursing home. The 
doctor immediately gave him an injection to 
protect him against a deadly disease. 


72s 


76. 


7. 


78. 


19. 
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(a) Write what did the doctor injec A 
the patients body. — a | 
(b) How do you think this injection a 
protect the patient against the disease? “ 
(c) Name the disease against which n 
injection was given and the kind of immu, 
it provides. (Al 29) 
What is the functional difference betes 
B-cells and T-cells? (Delhi 2015 
(a) Name and explain giving reasons i 
type of immunity provided to the Newbon 
by the colostrum and vaccinations, 

(b) Name.the type of antibody 

(i) present incolostrum 
(ii) produced in response to allergens j 
human body. (Foreign 201 
Why are lymph nodes and bone marry 
called lymphoid organs? Explain ty. 
functions of each one. (Delhi 20120 








(i) Identify the molecule shown and th 
site labelled ‘A 

Why is this molecule referred to 4 
H,L,? Explain. (Delhi 20110 


(ii) 











| C C a 
Identify a, b and c in the schematic diaé | 
of an antibody given above and answe! 

questions. | 


(a) Write the chemical nature of? 
antibody. 


(b) Name the cells that produce antiboð 
in humans. 


i 
(c) Mention the type of immune am 
Provided by an antibody. ae 
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PE (4marks) 


go. A youth in his twenties met 
and succumbed to the inju 
agreed to donate his orga 
essential clinical steps to 


with an accident 
ries. His Parents 
ns. List any two 


be und 
before any organ transplant. Why is the 


transplant rejected sometimes? What views 
would you share with your health club 
members to promote organ donation? 


(Delhi 2015C) 





poi(5marks) —ăë 


g1. Under polio prevention programme, infants 
in India were given polio vaccines on a large 
scale at regular intervals to eradicate polio 
from the country. 
(a) What is a vaccine? Explain how does 
it impart immunity to the child against the 
disease. 
(b) With the help of an example each, 
differentiate between active and passive 
immunity. (Foreign 2015) 


82. (a) Name and explain any four lymphoid 
organs present in humans. 
(b) Categorise the named lymphoid organs 
as primary or secondary lymphoidorgans, 
giving reasons. (Foreign 2014) 


8.3 AIDS 


a (imark) < 





83. Retroviruses have no DNA. However, the 
DNA of the infected host cell does possess 
viral DNA. How is it possible? (AI 2015) 


84. Why sharing of injection needles between 


two individuals is not recommended? 
(Delhi 2013) 


85. How does HIV differ from a bacteriophage‘ 
(Delhi 2010C) 
DS? Name its 


86. What type of virus causes Al 
T (AI 2009) 


genetic material. 
87. Name the type of cells the AIDS virus enters 


ing in the human body. 
into after getting in (AI 2009C) 
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EJAM (2 mark) 


88. (a) Name the group of viruses responsible 
for causing AIDS in humans. Why are these 
viruses so named? 

(b) List any two ways of transmission of 
HIV infection in humans, other than sexual 
contact. (AI 2012) 


89. Name the cells that act as HIV factory in 
humans when infected by HIV. Explain the 
events that occur in the infected cell. | 

(AI 2012, 2010C, 2009) 





| (3 marks) 


90. (a) What  precaution(s) would you 
recommend to a patient requiring repeated 
blood transfusion? 

(b) If the advise is not followed by the 
patient, there is an apprehension that the 
patient might contract a disease that would 
destroy the immune system of his/her body. 
Explain with the help of schematic diagram 
only how the immune system would get 
affected and destroyed. (Delhi 2017) 


91. How does the HIV breakdown the immune 
system of the AIDS patient? (Delhi 2015C) 

92. Name the cells HIV attacks first when it 
gains entry into a human body. How does 
this virus replicate further to cause immuno 
deficiency in the body? (Delhi 2013C, 2010) 

93. Study the diagram showing replication of 
HIV in humans and answer the following 
questions accordingly. 

HIV 


A (xy) Virus infects 
normal cell 


a a 


Plasma 
membrane 





‘D’ (Host 
cell) 


New viral genetic 

oO A material is produced 
by the infected cell/ - 
fa 
v= » 
stad 
fd “= 

New viruses 
are producec 


© Nucleus 





DNA 


New virus can 
infect other cells 











æ —- ~ 
— m ŘŮ 
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(a) Write the chemical nature of the coat ‘A” 
(b) Name the enzyme ‘B’ acting on X to 
produce molecule ‘C? Name ‘C 

(c) Mention the name of the host cell ‘D’ 
the HIV attacks first when it enters into the 
human body. 

(d) Name the two different cells the new 
viruses ‘E’ subsequently attack. (AI 2011) 


| (4 marks) 














94. A person in your colony has recently been 
diagnosed with AIDS. People/residents in 
the colony want him to leave the colony for 
the fear of spread of AIDS. 

(a) Write your view on the situation, giving 
reasons. 

(b) List the possible preventive measures 
that you would suggest to the residents of 
your locality in a meeting organised by you 
so that they understand the situation. 

(c) Write the symptoms and the causative 
agent of AIDS. (AI 2013) 


6.4 Cancer 


Ve (1 mark) - oO 





95. Indiscriminate diagnostic practices using 
X-rays etc., should be avoided. Give one 
reason. (Delhi 2015) 





pei (2 marks) ~ a 


96. Differentiate between benign and malignant 
tumors. (AI 2015C) 


97. Why are the tumors cells dangerous? 
(AI 2010) 


98. Why do normal cells not show cancerous 
growth? (AI 2010C) 


99, (a) Explain the property that prevents 
normal cells from becoming cancerous. 


(b) All normal cells have inherent 
characteristic of becoming cancerous. 
Explain. (Foreign 2009) 





FA (3 marks) 


100. (a) What makes some viruses cause cancer 
in humans? 
(b) How do benign tumors turn malignant? 
How does the latter harm the human body? 
(AI 2013C) 


B 
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UE (5 marks) 

101. (a) Cancer is one of the most dreag 
disease. Explain contact inhibition 
‘metastasis’ with respect to the disease 
(b) Name the group of genes that have ™ 
identified in normal cells that could |e, re 
cancer. How do these genes cause cancer 
(c) Nameany two techniques that are iss 
in detecting cancers of internal organs, 

(d) Why are cancer patients often sin 
c-interferon as part of the treatment? 


8.5 Drugs and Alcohol Abuse 


PAY (1 mark) 





102. How does smoking tobacco in humans lead tg 
oxygen deficiency in their body? (Delhi 21 





A (2 marks) 
103. (a) Name the source plant of heroin drug 
How is it obtained from the plant? 


(b) Write the effects of heroin on the human 
body. (2018) 


104. What is ‘withdrawal syndrome’ List any two 
symptoms it is characterised by. | 


(Foreign 2014) 


105. Write the scientific name of the source plant 
of the drugs, marijuana and hashish aad 
mention their effect on the human body 

(Delhi 20140 


106. Name the plant source of the drug popular} 
called ‘smack. How does it affect the body 
the abuser? (Delhi 2012) 


107. Name the plant source of ganja. How does it 
affect the body of the abuser? (AI 2012) 


108. Identify A, B, C and D in the following talë 


Scientific name of Da 


the source plant 


Cannabinoids 






















Papaver 
somniferum 


2. |Cannabis 
sativa 


Erythroxylum 
coca 


Depressant 
slows body 













(Delhi 012" 


d 














Human Health and Diseases 





(3 marks) 


109. (a) ba k — a fear amongst the 
guardians that their adolescent wards ma 
get trapped in drug/alcohol abuse? g 
(b) Explain ‘addiction and ‘de endence’ ; 
respect of drug/alcohol abuse in youth. i 
(AI 2017) 
110. Prior to a sports event, blood and urine 
samples of sports persons are collected for 
drug tests. 
(a) Why is there a need to conduct such 
tests? 
(b) Name the drugs the authorities usually 
look for. 
(c) Write the generic names of two plants 
from which these drugs are obtained. 
(Delhi 2016) 
111. A team of students is preparing to participate 
in the interschool sports meet. During a 
practice session you find some vials with 
labels of certain cannabinoids. 
(a) Will you report to the authorities? Why? 
(b) Name a plant from which such 
chemicals are obtained. 
(c) Write the effect of these chemicals on 
human body. (Delhi 2015) 


112. Do you support ‘Dope test being.conducted 
on sportspersons participating in a 
prestigious athletic meet? Give three reasons 
in support of your answer. (AJ 2014C) 

113. “Prevention is bettersthan cure” is an apt 
slogan to safeguard adolescents from drug 
abuse. List any6 steps that could be taken in 
this regard. (AI 2013C) 

114. Write the source and the effect on the human 
body of the following drugs: 
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(a) Morphine 
(b) Cocaine 
(c) Marijuana (Delhi 2011) 


115.(a) Name a drug used (i) as an effective 
sedative and pain killer (ii) for helping 
patients to cope with mental illnesses like 
depression, but often misused. 

(b) How does the moderate and high 
dosage of cocaine affect the human body? 
(Foreign 2011) 


Aao 


FAVA :{0 


| (4 marks) 





116. You have attended a birthday party hosted 
by one of your classmates. You found some 
guests at the party sitting in a corner making 
a lot of noise and consuming ‘something. 
After a while one of the boys from the group 
started screaming, behaving abnormally and 
sweating profusely. On enquiry you found 
that the group members were taking drugs. 
(a) Would you inform your parents/school 
authorities? Yes/No. Give reasons in support 
of your answer. 

(b) Prepare a note to be circulated amongst 
the schoolmates about the sources and 
dangers of any two drugs. 

(c) Write any two ways you will suggest 
to your school principal so as to promote 
awareness amongst the youth against the use 
of these drugs. (Foreign 2015) 


117. An active member of an awareness group 
conducts regular programmes to sensitise 
public against alcoholism amongst youth-a 
serious health hazard in his locality. 

Identify the values this member of the group 
is trying to propagate amongst the people in 
his locality. 


(Delhi 2013C) 





l. Chikungunya and dengue can be controlled 
by the eradication of Aedes mosquitoes. 


2. Snail and fish. 

3. Gambusia is a larvivorous fish. It feeds 
on mosquito larvae, SO ‘introduced in drains 
and ponds to check spread of mosquito borne 
diseases. 


substance released by 


4. Haemozoin is a toxic | 
arial 


fupturing of RBCs into blood during mal 


infection. It causes chill and high fever recurring 
every 3-4 days. 

5. Mechanical carrier is one that simply carries 
pathogens to a susceptible individual and is not 
essential to the development of the pathogen. The 
pathogens are simply carried on the mouthparts, 
legs, body surface of the carrier from an infected 
to a susceptible host. Amoebiasis and typhoid are 
carried through mechanical carriers like housefly. 
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6. PCR (Pol 
ELISA (Enzym 
are used for e 
Viral diseases. 


rf 


ymerase Chain Reaction) and 
e Linked Immunosorbent Assay) 
arly diagnosis of some bacterial/ 


Malaria is a protozoan disease, transmitted 
y female Anopheles mosquito while chikungunya 


1S a viral disease transmitted by Aedes aegypti 
mosquito. 


8. Ascariasis is caused by the common round 
worm Ascaris lumbricoides, a giant intestinal 
worm. Symptoms of this disease include internal 
bleeding, muscular pain, fever, anemia and 
blockage of the intestinal passage. A healthy 
person acquires infection through contaminated 
water, vegetables, fruits, etc. 


9. Bacterial disease typhoid, caused by 
Salmonella typhi is characterised by sustained high 
fever (39° - 40°C), stomach pain and constipation. 
Typhoid fever is diagnosed by Widal test and is 


transmitted through contaminated food and 


water. 


10. (a) Entamoeba histolytica. 

(b) Abdominal pain and blood in faeces. 

(c) Amoebic dysentery is transmitted through 
contaminated food and water. 


11. Filariasis is a helminthic disease caused 
by Wuchereria (W. bancrofti and W. malayi). It 
causes swelling of lymphatic vessels of lower limbs 
resulting in swelling of feet, legs, scrotal sacs and 
thighs. It spreads from one human being to other 
through the bite of female mosquito, Culex. 


12. Haemozoin released by rupturing of RBCs 
causes chill in humans during malarial attack. 
Malignant. malaria is caused by Plasmodium 
falciparum. 


13. Entamoeba histolytica is a protozoan parasite 
in the large intestine of human which causes 
amoebiasis (amoebic dysentery). Symptoms of 
this disease include diarrhoea alternating with 
constipation, abdominal pain and cramps, stool 
with excess mucus and blood clots. Houseflies act 
as mechanical carriers and serve to transmit the 
parasite from faeces of infected person to food 
and food products, thereby contaminating them. 
Drinking water and food contaminated by the 
faecal matter is the main source of infection. 


14. Refer to answer 8. 


os” 
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15. Ringworm is a fungal disease cause d 
dermatophytes, which include Trichophyt," 
Microsporum and Epidermophyton, Symptom, . 
ringworm are appearance of dry, scaly lesions 
skin, nails, scalp. Ringworm infection is AqUip 
by sharing towels or clothes or comb with infecte 
person. 

16. Elephantiasis is caused by Wucherer, 
bancrofti and mainly affects lower limbs, 
Ringworm is caused by Trichophyton and affect 
skin, hair and nails. 


17. (a) Formation of gametocytes takes Place 
in human host in red blood cells. 

(b) Fusion..of .gametocytes takes place in 
mosquito, in its stomach. 


18. Health is defined as a state of comple, 
physical, mental and social well being ang 
not merely the absence of disease or infirmity 
Balanced diet, personal hygiene and regular 
exercise are very important to maintain good 
health. 


19. Refer to answer 9. 


20. Pneumonia is a sericus disease of lung 
characterised by accumulation of mucus 
fluid in alveoli and bronchioles to that extent 
that breathing becomes difficult. It is caused 
by Streptococcus pneumoniae or Diplococcus 
pneumoniae, and Haemophilus influenzae. 


21. Amoebiasis is caused due to protozoan 
parasite Entamoeba histolytica. The symptoms 
of, this disease are constipation, abdominal pain 
cramps, stools with excess mucous and blood 
clots. It is transmitted through faecal oral route 
Drinking water and food contaminated by the 
faecal matter are the main source of infection 
Houseflies act as mechanical carriers and serv? 
to transmit the parasite from faeces of infected 
person to food and food products, thereby 
contaminating them. 


22. (a) When RBCs infected with malarii 
parasites burst, they release toxin calle 
haemozoin which causes chill and high fev" 
recurring every three or four days. 
(b) (i) Production of sporozoites occuls 
female Anopheles mosquito, inside oocyst on ts 
surface of stomach. 


ee ; n 
(ii) Gametocytes formation takes place in hum? 
host inside RBCs. 


d 
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3, Round worms are nematodes, responsib] 
for helminthic diseases in humans., i 
Two human diseases caused by round worms are. 
(i) Ascariasis - It is caused by Ascaris lumbricoides 
and spreads through contaminated fruits, water 
vegetables etc. | 
(ii) Filariasis - It is caused by Wuchereria 


pancrofti, and W. malayi. It is transmitted by the 
pite of female Culex mosquito, 


94, Female Anopheles mosquito picks up 
Plasmodium as gametocytes with blood meal. Life 
cycle of Plasmodium in mosquito is as follows 

The gametocytes come out of the RBCs into the 
lumen of the stomach of the mosquito. Inside the 
stomach of the mosquito, the male and female 
gametocytes change into male and female gametes 
respectively. The gametes fuse (fertilise) to form 
zygote called oocyst. The nucleus of oocyst divides 
first by meiosis and subsequently by mitosis, 
forming large number of small haploid nuclei, 
At the same time, spindle shaped bodies called 
sporozoites are formed. When mature oocysts 
rupture, the sporozoites are liberated into the 
haemocoel (body cavity filled with blood) of the 
mosquito. Being motile, the sporozoites move to 
different organs in the body cavity of the mosquito, 
but many of them penetrate the salivary glands. 
The mosquito now becomes infective. When the 
female Anopheles mosquito bites a healthy person, 
the sporozoites are injected in his/her blood along 
with saliva. These sporozoites start the cycle again 
inhuman body. 


25. The malarial parasite;,Plasmodium enters 
the human body as sporozoites (infectious form) 
through the bite of infected female Anopheles 
mosquito (vector). From the human blood 
sporozoites enter liver cells and multiply here and 
then attack the red blood cells (RBCs) resulting in 
their rupture. The rupture of RBCs is associated 
with release of a toxic substance, haemozoin, 
Which is responsible for the chill and high fever 
recurring every three to four days. The released 
Parasites from the ruptured RBCs infect new 
RBCs and develop into gametocytes (male and 
female). When a female Anopheles mosquito sucks 
the blood of an infected human host, it receives 
RBCs containing gametocytes. 

26. (a) (i) Elephantiasis - Wuchereria bancrofti 

(ii) Ringworm — Microsporum 
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(iii) Amoebiasis - Entamoeba 
histolytica 

(b) Maintenance of public hygiene is very 
important for prevention and control of many 
infectious diseases. Public hygiene includes 
proper disposal of waste and excreta, periodic 
cleaning and disinfection of water reservoirs, 
pools, and tanks and observing standard practices 
of hygiene in public catering. These measures are 
particularly essential where the infectious agents 
are transmitted through food and water such as 
typhoid, amoebiasis and ascariasis. 


27. (a) Wuchereria bancrofti and Wuchereria 
malayi. 

(b) The filarial worms are deposited near the site 
of mosquito (Culex) bite. They pass through the 
punctured skin and reach the lymphatic system 
where they slowly develop and cause chronic 
inflammation. They usually infect lymphatic 
vessels of the lower limbs. The inflammation 
of lymph nodes and lymph vessels leads to 
obstruction of lymph vessels which causes 
thickening of subcutaneous tissues and skin 
so that swelling of feet, legs, thighs, scrotal sacs 
occurs. 

(c) The pathogens are transmitted to the healthy 
persons through the bite of the female mosquito 
Culex. 


28. Malignant malaria is caused by Plasmodium 
falciparum. Also refer to answer 25. 


29. (a) (i) Sporozoites, 

(ii) Gametocytes 

(b) Sexual phase of malarial parasite occurs 
in the mosquito, the primary host of malarial 
parasite and asexual phase occurs in man, the 
secondary host. 

(c) The release of merozoites and toxin 
haemozoin from the bursting of schizont in RBCs 
causes chill and high fever. The released merozoites 
then attack fresh RBCs leading to the formation 
of trophozoites causing decrease in fever. The 
trophozoites then grow in size to become schizont 
that causes increase in temperature. The schizonts 
again develop merozoites inside themselves thus 
causing recurrence of fever with the release of 
merozoites after few days, e.g., at regular intervals 
of 48 hours in case of P vivax malaria. 


30. (a) Refer to answer 25. 
(b) Plasmodium falciparum 
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31. Ascariasis is caused by a round worm, 
Ascaris lumbricoides. It is an endoparasite of small 
Intestine of human beings. Symptoms of ascariasis 
are abdominal discomfort, fever, anaemia. It is 


transmitted through contaminated food, water, 
vegetables etc. 


32. Life cycle of Plasmodium requires two hosts 
for completion, such a two host life cycle is called 
digenetic. 

I. Life cycle of Plasmodium in Man - Asexual 
phase 

(i) Infective stage of Plasmodium is sporozoite. 
When the mosquito bites another human, 
sporozoites are injected with bite. 

(ii) Parasites (sporozoites) reach the 
through blood. 

(iii) The parasite reproduces asexually in liver 
cells, bursting the cells and releasing into the 
blood. 

(iv) Parasites enter the red blood cells (RBCs) 
and reproduce asexually there bursting the red 
blood cells and causing cycles of fever and other 
symptoms. Released parasites infect new red 
blood cells. 

(v) Sexual stages develop in RBCs. 

II. Life cycle of Plasmodium in femaleanopheles 
mosquito - Sexual phase 

(i) Female mosquito takes up gametocytes with 
blood meal. 

(ii) Fertilisation and development take place in 
the mosquito’s stomach, 

(iii) The zygote elongates and becomes motile 
called ookinete. 

(iv) The ookinete moves and bores through the 
wall of the stomach of female Anopheles mosquito. 
The ookinete changes to oocyst on the surface of 
the stomach. 

(v) Inside the oocyst, sporozoites are formed 
which are released in the body cavity of the 
mosquito. 

(vi) Mature infective stages (sporozoites) move 
to different organs of the body cavity but many of 
them penetrate salivary glands of mosquito. 

(vii) When the female Anopheles mosquito bites a 
healthy person, the sporozoites are injected in his/ 
her blood alongwith saliva. 


33. Certain cells when infected with virus, 
they produce cytokines such as interferon, 
which diffuse to healthy neighbouring cells and 
stimulates them to produce biochemicals, that 


liver 
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block viral replication. When these cells becom, 
infected, the viruses are unable to take over 
protein synthetic machinery to MANufactyr 
more of themselves and ultimately the Spread of 
infection halts. This way cytokine barriers Provide 
innate immunity 1 humans. 

34. To ensure anamnestic or secondary immune 
response, dead or attenuated pathogens of 
disease are injected into a healthy Person thy 
can produce memory cells, i.e., Vaccination 
Antibodies produced against these antigens Would 
neutralise pathogens during actual infections 
35. Interferons are cytokine barriers. These i 
low molecular weight proteins secreted by virus 
infected cells, which protect non-infected cel}, 
from further viral infection. 


36. Monocytes, are motile and Phagocytic 
leucocytes. They engulf bacteria and cellular 
debris and. constitute cellular barriers of innate 
immunity. 

37. Colostrum (mother’s first milk) is rich in IgA 
antibodies. It provides passive immunity to new 
born and protects it from various diseases. 


38. Certain types of leukocytes (WBC) 
like polymorphonuclear leukocytes (PMNL- 
neutrophils) and natural killer cells in the blood are 
cellular barriers, which provide innate immunity in 
humans. 


39. Secondary immune response is quicker and 
more intense than the primary immune response 
because the memory B cells are present to quickly 
deal with the invading microbes by forming 
antibodies. Body “remembers” that it previously 
encountered this type of infection. 


40. Autoimmune disease is a condition in which 


bodys immune system attacks self-cells. E$ 
rheumatoid arthritis. 


41. Human body elicits an anamnestic respons 
(secondary response) to the subsequent encoun! 
with the same pathogen to which the body ha 
previously encountered (primary response). 


42. Spleen is the secondary lymphoid organ: er 
the site where proliferation and differentiation ° 
B and T lymphocytes takes place and in jena 
spleen produces all types of blood cells. 


43. Virus infected cells produce an anti!" 
protein called interferon which on reaching f 


nearby infected cells, make them resistant t0 w 
infection. 


Daa 
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44. Vaccine is suspension or extract of weakened 
(attenuated/ dead) Pathogens of disease which 
when injected into healthy person provides it 
active acquired immunity to the disease. 
Vaccination stimulates the antibody production 
and formation of memory cells without causin 
the disease. This protects the child by a 
the pathogenic agents during infection. i 


45. Refer to answer 37. 


46. Sneezing and wheezing in human beings 

- a F 
to some allergens is caused due to exaggerated 
response of the immune system. 


47. A body when encounters a pathogen (in 
this case chicken pox) for first time produces 
antibodies, that results in memory of the first 
encounter to protect the body in future from the 
same disease. 


48. (a) Passive immunisation refers to the 
process of injecting preformed antibodies to a 
person. For example preformed antibodies are 
given to a patient of snake bite. 

(b) Antihistamine is the drug that is used to 
reduce the symptoms of allergy. 

(c) Refer to answer 37. 

(d) Cytokine barrier is a type of innate intmunity 
in which virus infected cells secrete interferons. 
Interferons protect non-infected cells) from 
further viral infections. 

49. Pollen grain is an allergen. Exposure to 
pollen causes hay fever. Jipis the form of allergy 
due to pollen of grasses, trees and other plants. It 
is characterised byiimflammation of the membrane 
lining the nosé and sometimes of the conjunctiva. 
The symptoms are sneezing, running nose and 
watering eyes due.to histamine release. 


50. The differences between active and passive 


immunity are : 






















Passive immunity 






Active immunity 
It is developed when 
antibodies produced 
in other organisms are 
injected into a person 
to counter act antigen 
such as snake venom. 


It is developed 
when the persons 
own cells produce 
antibodies in 
response to 
infection or 
vaccine. 

It provides relief 

























rovides immediate 


It p 
relief. 


wsceoawsreeerrrn 
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(iii) lihas no side [It may cause reaction. 
effects. 


It is long lasting. _|It is not long lasting. 


51. Hill station and plains do have different 
weather conditions and environment. Sneezing 
and wheezing on hill station is due to exposure 
to different allergens, this response is called 
allergy. It is a hypersensitive response of a 
person to foreign substance coming in contact 
with or entering the body. Allergy involves 
IgE antibodies and release, of chemicals like 
histamine and serotonin from mast cells. 


52. (a) Such a response in the boy is called 
allergy which occurs due to production of IgE 
antibodies and chemicals like histamine and 
serotonin from the mast.cells. | 
(b) Anti-histamine could be given to the boy for 
immediate relief from such a response. 

53. (a) “Allergy is a hypersensitive response to 
foreign substances, coming in contact with or 
entering the body. It is characterised by sneezing, 
watery eyes, difficulty in breathing etc. 

(b) Two unique characteristics of 
involved in allergic response are : 

(i) "The body will produce Ig E antibodies 
(ii) The body will release chemicals like histamine 
and serotonin from the mast cells. 


54. Refer to answer 44. 

55. In vaccination, a preparation of antigenic 
proteins of pathogens or weakened pathogen is 
introduced into the body. These antigens generate 
the primary immune response, and the memory 
B and T cells. When the vaccinated person is 
attacked by the same pathogen again, the existing 
memory T or B cells recognise the antigen quickly 
and attack the invaders with massive production 
of lymphocytes and antibodies. 






system 


56. A person with cuts and bruises following 
an accident has chances of getting infected from 
tetanus. So, in this case quick immune response 
is required which is provided by giving the 
patient tetanus antitoxin which is a preparation 
containing preformed antibodies to the toxin, 

57. (a) ‘Thymus is a primary lymphoid organ 
where the maturation of ‘T-lymphocytes takes 
place. Thymus atrophies with age. 
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(b) T-lymphocytes are released from thymus. T 
cells provide cell-mediated immunity and defend 
against pathogens including protists and fungi 
that enter the cells. 


58. Immune response is the specific reactivity 
induced in a host by an antigenic stimulus. It is 
of two types - primary and secondary immune 
response. 

(i) The reaction of the body’s immune system 
to the first attack of microbes (antigens) is called 
primary immune response. It takes much longer 
time to develop because of the requirement of 
suitable receptor development. This response is 
feeble and declines rapidly. This produces both 
receptors and memory cells. 

(ii) The reaction of the body’s immune system to 
any subsequent infection of the same microbe is 
termed secondary immune response. It is quicker 
and more intense than primary immune response 
because memory B cells present quick response 
against invading microbes. 

59. Two types ofimmune systems in human body 
are : Antibody Mediated Immune System (AMIS) 
and Cell Mediated Immune System (CMIS). 
Antibody-mediated (or humoral),immunity is 
associated with the appearance of antibodies, 
secreted by B-lymphocytes,,im the extracellular 
fluidssuchasplasma,lymphandexternalsecretions. 
Cell-mediated immunity is mediated by 
T-lymphocytes that, defend against pathogens 
including protists,and fungi that enter the cells. 


60. A — Antigen binding site 

B - /Yariable region 

C -— Constant region 

D - Light chain 

E - Constant region of heavy chain 
F  - Disulphide bond 

61. 


There are two types of lymphoid organs : 
primary lymphoid organs and secondary lymphoid 
organs. The primary lymphoid organs e.g., bone 
marrow and thymus where T lymphocytes 
and B lymphocytes, mature and acquire their 
antigen-specific receptors. After maturation, the 
lymphocytes migrate to secondary lymphoid 
organs e.g., spleen and lymph nodes where they 
undergo proliferation and differentiation. The 


d immune response to antigens usually 


acquire 
and become effector 


develops in these organs 


cells. 
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62. Two types of immunity with which hy, 


j de- 
baby is born inclu ES 
(i) Tae immunity ~- It is inherited by 


from the parents and protects jt fr 
he life. It is not specifi, 
nd consists of four 


physiological, cellular , 


organism 
birth throughout t 
particular pathogen a 
of barriers - physical, 
cytokine. 


(ii) Natural passive immunity - It is passiy, 


transferred from mother to foetus throy 
placenta, as IgG antibodies can cross placeni 


barrier to reach the foetus. 


63. Refer to answer 37. 

64. A child injured in a roadside accide, 
with a bleeding wound has chances of gettir 
infected from tetanus SO quick immune respon 
is required, therefore, preformed antibodies, ç 
antitoxin (a preparation containing antibod; 
to the toxin) is directly injected. In vaccinatio, 
a preparation of antigenic proteins of pathoge 
or inactivated/weakened pathogen (vaccine 
are introduced into the body. The antibodie 
produced in the body against these antigens woul 
neutralise the pathogenic agents during actu 
infection. Therefore, vaccine administratior 
would not have given quick relief and thus would 
not have been effective. 


65. a — Mucous membrane 


b - Lysozyme 
c — Cytokine 
d — Natural killer cells 


66. Artificial active immunity is the type of 
immunity that is provided by injecting microbé 
deliberately during immunisation into the huma 
body. The microbes are injected through vaccine 
Vaccine is a suspension of dead/weakent 
microbes of disease which when injected in! 
healthy person provides artificial active immunit 
eg» live BCG vaccine for tuberculosis, M 
vaccine for measles, mumps and rubella. 


67. (a) Refer to answer Sa: 

(b) We can get immunised against tetanus etn 
through artificial active immunity which is p! ovio” 
by vaccines or through artificial passive immuni) 


i.e, by administration of antibodies in the fo™ 
antitoxin. 


68. (a) The e ; A 
, given dia cture 
an antibody molecule gram shows stru 


9 


| 
| 
| 
| 












| (B-cells) 
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b) ‘A’ is antigen binding sit B 

ik region of heavy hain ane B represents 
(c) B-lymphocytes produce antibodies, 

69. (a) Bone marrow. 

(b) The lymphocytes produced m 
secondary lymphoid organs like spleen, lymph 
nodes, tonsils, Peyer’s patches of small intestine 
and appendix. The secondary lymphoid organs 
provide the sites for interaction of lymphocytes 
with the antigen, which then proliferate to 
become effector cells which then affect immunity. 


70. Refer to answer 37. 


igrate to 


71. Spleen acts as secondary lymphoid organ 
where mature B and T lymphocytes undergo 
proliferation and differentiation. In spleen, 
lymphocytes develop acquired immune response 
to antigens and becomes effector cells. 


72. Refer to answer 55. 


73. (a) Children who had suffered from 
chicken-pox may not contract the same disease 
in their adulthood because of development of 
memory cells. These type of cells develop during 
first encounter with the pathogen. Memory. cells 
are highly specific and may remain in body for 
decades. Subsequent encounter with=the. same 
pathogen elicits a highly intensified secondary or 
anamnestic response. This type of immunity is 
known as acquired natural active immunity. 

(b) Interferons are the proteins produced by 
Virus infected cells. They protect non-infected 
cells from further viral infection. 


74. (a) Doctor injected anti-tetanus toxin into 
patient's body. 

(b) Injection containing preformed antibodies 
or antitoxin (preparation containing antibodies to 
toxin) would neutralise the pathogenic agents and 
would give quick relief. | 
(c) Injection was given against tetanus and it 
Provides artificial passive immunity. 

75. Differences between B-Lymphocytes 
(B-cells) and T-Lymphocytes (T-cells) are : 






T-Lymphocytes 





(T-cells) 


(i) “B-cells form humoral|T-cells form cell- 





They defend against 
pathogens including 
protists and fungi 
that enter the cells. 


Plasma cells formed |T lymphocytes 


by division of B-cells |produce different 


produce antibodies 
and provide 
immunity against 
foreign substances. 


types of T-cells, 
killer T-cells react 
against cancer cells, 
suppressor cells 
inhibit immune 
system. 


76. (a) Colostrum (mother’s first milk) rich in 
IgA antibodies provides natural passive immunity 
to new born. In passive immunity, ready-made 
antibodies are directly injected into a person to 
protect the body against foreign agents. 

Through vaccination artificial active immunity, 
will be provided to the newborn in which his 
own cells will produce antibodies in response to 
vaccine. E.g., BCG vaccine for tuberculosis. 

(b) (i) IgA 

(ii) IgE 

77. Lymph nodes and bone marrow are called 
lymphoid organs as these are the sites for 
proliferation and maturation of lymphocytes 
respectively. 

Lymph nodes are secondary lymphoid organs 
where mature B- and T-lymphocytes undergo 
proliferation and differentiation. Bone marrow is 
a primary lymphoid organ where B cells mature 
and acquire their antigen-specific receptors. 


78. (i) Given figure shows an 
molecule, and A is antigen binding site. 
(ii) An antibody molecule consists of four 
peptide chains, two small light chains and two 
longer heavy chains. Hence, an antibody is 
represented as H,L,,. 


antibody 


79. In the given structure of an antibody 
molecule, ‘a is the antigen binding site, $ is 
constant region of light chain and ‘€ is constant 
region of heavy chain. 

(a) Antibodies are protein in nature. 

(b) B-cells produce antibodies. 

(c) Humoral immune response is an antibody 
mediated immune response. 
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80. Organ transplantation involves the removal 
of damaged/injured tissues or organs from the 
body ofa Person and their substitution by similar 
tissues/organs from a donor Tissue matching, 
blood group matching are essential clinical 
Steps before undertaking any graft/ transplant. 
Transplantation may result in the rejection 
of transplanted organs as the immune system 
recognises the protein in the transplanted tissue or 
organs as foreign and initiates cellular immunity. 
We should raise and promote awareness about 
organ donation, about need of organ and tissue 
donors. There are lakhs of people Waiting for organ 
donation and many people die daily while waiting 
for transplant. Organs and tissues from one donor 
can save upto 40-50 lives. So, we should encourage 


and get registered for organ donation to save many 
lives. 


81. (a) Refer to answer 55. 
(b) The given table shows differences between 
active and passive immunity: 


Active immunity Passive immunity 


(i) | It is developed It is developed When 
when the person's | antibodies produced 
own cells produce | in other organisms 
antibodies in are injected into a 
response to person to counter 
infection or act antigen such as 
vaccine. snake venom. 











































It provides relief 
only after long 
period. 


It provides 
immediate relief. 















It has no side 
effects. It is long 
lasting. 


E.g., MMR 


It may cause 
reaction. It is not 
long lasting. 






E.g., Colostrum rich 







vaccine for in IgA antibodies 
measles, mumps, | provides immunity 
rubella. to newborn. 


82. (a) Four lymphoid organs are : 

(i) Bone marrow: It is the main lymphoid organ 
where all blood cells including lymphocytes are 
formed. Maturation of B-lymphocytes occurs 
here. 

(ii) Thymus : 
maturation. Thymus is situated near the heart and 


It is the site of T lymphocyte 


CEIA CBSE Champion Biology Class y 
at the time of birth but ker 


is quite large in size 
reducing with age- 
(iii) Lymph nodes: 
found at intervals alc 
Thev are composed of lym oe 
filters for the lymph, preventing loreign part 
from entering the bloodstream. Lymph Nodes a, 
produce lymphocytes and plasma cells, 

(iv) Spleen: It is a bean shaped organ Which I th 
largest single mass of lymphoid tissue in the} | 
In foetus the spleen produces all types of blog 
cells but in adult ithonly produces lymphocyte 
Macrophages of spleen are phagocytic. 

(b) Refer toanswer ol. 

83. Retroviruses have RNA as their genome 
RNA genome of virus replicates in host cell to fom 
Viral DNA with the help of reverse transcriptase 
enzyme. | 


These are small solid struc, 
along the lymphatic Syst 
phoid tissue ang act : 


84. Sharing of injection needles between tw 
individuals can transmit various diseases like 
AIDS and hepatitis B, as these diseases ay 
transmitted via blood and semen. 


85. HIV has single stranded RNA as geneti 
material, while bacteriophage has dsDNA. 


86. AIDS is caused by human immunodeficieng 


virus (HIV), a retrovirus. It has ssRNA as genetic 
material. 


87. AIDS virus, HIV enters into macrophage 
after entering into human body. 


88. (a) AIDS is caused by hum 
immunodeficiency virus (HIV), a member of! 
group of viruses called retroviruses. These virus“ 
are called retroviruses because they have RNA # 
their genome, enclosed within an envelope. 

(b) Other than sexual contact, transmission 
HIV infection in humans could also occur by 
(i) Transfusion of contaminated blood andb! 
products. 


(ii) From infected mother to her child throug! 
placenta. 


a Macrophages act as HIV factory in pum” 
vents that occur in infected cells are: 


(i) After the entrance of the virus into the bo 
of the Person, the vi 
where RN 


viral DN 
enzyme. 


rus enters into macrop?” 
A Senome of the virus replicates pe 
A with the help of reverse transctif" 
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(ii) Viral DNA gets incorporated into the host 
cell's DNA and directs the infected cells to produce 
viruses. 

(ii) Simultaneously HIV virus enters into helper 
T lymphocytes where it replicates and produces 
more Viruses. This is repeated so that the number 
of helper T lymphocytes decreases in the body of 
the infected person. 

(iv) Due to decrease in the number of helper 
T lymphocytes in the body, the person starts 
suffering from infections and gets immune 
deficiency and he/she is unable to protect himself/ 
herself against these infections. 


90. (a) If a patient requires repeated blood 
transfusion, it should be ensured that donor’s 
blood has been screened for HIV and the syringes 
used should be new and disposable. . 

(b) If the patient does not follow these 
precautions, then he might be infected with 
HIV which causes AIDS (Acquired Immuno 
Deficiency Syndrome). 

AIDS is a disorder of cell mediated immune 
system of the body. There is a reduction in the 
number of helper T-cells which stimulate antibody 
production by B-cells. This.results in the loss of 


natural defence of the body against viral infection. 
Retro virus 

“es Virus infects 

normal cell (macrophages) 

lied cell Plasma membrane 

Viral RNA is introduced into cell 


sith S by a Viral DNA incorporates 
into host genome 


reverse 

transcriptase ~~~ Y Cytoplasm 

New viral RNA e 

is produced by gta ge YE =) 

infected cell et US 
New viruses 


















are produced Nucleus “~ 
(es <P oN 
O v ZF 






oe New infective virions 
ED) can infect other cells (T-helper cells) 


Thus, the immune system gets hampered due to 
the action of AIDS virus on T-lymphocytes and 
macrophages. 

91. Refer to answer 89. 

92. Refer to answers 87 and 89. 

93. (a) A - Protein coat 
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(b) B - Reverse transcriptase 

C - Viral DNA 
(c) D - Macrophage 
(d) E- Macrophages and T-lymphocytes 
94. (a) An AIDS patient should not be forced 
to leave the society because AIDS cannot be 
transmitted by following methods : 
(i) insect bites, (ii) crowded transport, (iii) 
shaking hands, (iv) sharing towels, (v) coughing 
and sneezing, (vi) kissing and embracing, (vii) 
sharing utilities and telephone, (viii) swimming 
pools and toilets. 
(b) I would try to educate the residents about 
the cause of spread of AIDS emphasising that it 
is caused by sexual contact-with infected person, 
through infected needles and blood transfusion. 
Therefore, the preventive measures would be to 
avoid multiple sexual partners, use disposable 
needles and condoms. 
(c) The symptoms of HIV infection include 
fever, lethargy, pharyngitis, nausea, headache, 
rashes, swollen lymph nodes etc. The causative 
agent of AIDS is human immunodeficiency virus 
(HIV). WE aaan 
95. Indiscriminate use of X-rays can cause DNA 
damage leading to neoplastic transformation. 


96. Comparison between benign tumor and 
malignant tumor are as follows : 


Malignant tumor 


(i) |It remains confined|It spreads to other 
to the  affected|organs of the body. 

















Benign tumor 





causes limited) The cancer cells migrate 
damage to the body.|to other sites of the body 
and start a new tumor 
there. This property is 
called metastasis. 


(iv) |It is non-cancerous. |It is cancerous. 


97. Tumor cells are dangerous, as they have lost 
the property of contact inhibition and shows 
uncontrolled growth. Tumor cells invade and 
destroy the surrounding tissues. 
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98. Normal cells have a limited life span. 
Their production is regulated in such a manner 
that number of given cell type remains nearly 
constant. These cells also show property of contact 
inhibition, which inhibit their uncontrolled 
growth. 


99. (a) Contact inhibition is the property that 
prevents normal cells from becoming cancerous. 
Due to this property they contact with other cells 
which inhibits their uncontrolled growth, thus 
prevent them from becoming cancerous. 

(b) Cancerous growth of normal cells is due to 
loss of contact inhibition and programmed cell 
death, which keep their number constant. Due 
to loss of these properties, normal cells become 
cancerous. 


100. (a) Cancer causing viruses are called 
oncogenic viruses. The genes of oncogenic viruses 
are known as viral oncogenes which could lead to 
oncogenic transformation of cells, causing cancer. 
(b) Abnormal increase in number of cells in a 
tissue or organ forms a clone of proliferative cells. 
This excessive proliferation gives rise to a mass of 
cells which is initially known as benign tumor. The 
benign tumor cells sometimes enter into the blood 
vessels and migrate to other sites in the body where 
these cells continue to divide and start a new tumor 
there, such tumor.cells are known as malignant 
cells and tumors are called malignant tumors. 
The malignant tumors are designated as cancer. 
The malignant tumors damage normal cells and 
compete with them for vital nutrients and disrupt 
the normal metabolism. 


101. (a) The normal cells are characterised by 
contact inhibition by virtue of which contact with 
other cells inhibits their uncontrolled growth. 
Metastasis is a property shown by cancerous cells 
in which these cells detach from the tumors and 
move to distant sites through body fluids and 
develop secondary tumors. Metastasis is fatal 


because the cancerous cells damage other normal 


cells, compete with them for vital nutrients and 


disrupt the normal metabolism. 

(b) Several genes called cellular oncogenes 
(c-onc) or proto oncogenes have been identified in 
normal cells which, when activated under certain 
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conditions, could lead to oncogenic transformatio, 


of the cells (cancer) 

(c) Radiography (X-rays) and CT (computerise, 
tomography) are useful in detecting cance, 7 
internal organs. 
(d) The cancer p 
biological response MO 
which activate their immun 
destroying the tumor. 

102. Smoking tobacco increases carbon monoxide 
content in blood and reduces concentratig, 
of haembound oxygen, which causes oxygen 
deficiency in the body. 

103. (a) Heroin is obtained from the poppy plant 


(Papaver somniferum). It is obtained by acetylation 
vhich is extracted from the latex of 


atients are given substances call F 
difiers such as -interferon 
e system and helps a 


of morphine v 


poppy plant. 
(b) Some of the effects of heroin on the human 


body are as follows : 
(i) It is a depressant and slows down body 
functions It also induces drowsiness and lethargy. 


(ii) Other effects include indigestion, reduced 
vision, decreased weight, sterility and total loss of 
interest in work. 

104. Withdrawal syndrome is group of symptoms 
that occur in drug and alcohol addicted 
individuals who abruptly discontinue or reduce 
the use of drug of their choice, Withdrawal 
symptoms include anxiety and nausea. 


105. Drugs, marijuana and hashish are obtained 
from Cannabis sativa. Being hallucinogenic 
they give feeling of well being and happiness 
Sometimes, ‘marijuana causes uncontrolled 
laughter and dilation of pupil. 


106. Smack is an opioid narcotic, obtained from 
poppy plant, Papaver somniferum. It is a powell 


analgesic and relieves the pain by acting on cent! 
nervous system. 


107. Ganja is obtained from Cannabis sativ4 ! 
is hallucinogenic. It alters thoughts, feelings i 
perceptions and causes illusions. 

108. A - Heroine 


B - Cardiovascular system 
C - Cocaine 


D- Central nervous system 
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109.(a) Guardians fear that their adolescent 
wards ine get trapped in drug/alcohol abuse 
pecause it has been observed that use of drugs has 
increased especially among youth. Adolescence 
(age group 12-18 years) is the period which 
is accompanied by several biological and 
behavioural changes. This is also a very vulnerable 
phase of mental and psychological development 
of an individual. Curiosity, need for adventure 
and excitement, experimentation and exposure to 
media are some common causes that motivate the 
youngsters towards drug and alcohol abuse. Of ate, 
stress (to excel in academics or examination) has 
played major role in persuading youngsters to try 
alcohol and drugs. 

(b) The prolonged use of drugs/alcohol may lead 
to the dependence of body upon them. Addiction 
is the habitual, physiological and psychological 
dependence on substance or practice which is 
beyond voluntary control. Addiction is a chronic, 
progressive and sometimes fatal disorder with 
both genetic and environmental roots. It manifests 
as a compulsion that drives an individual to 
continue to behave in a way that is harmful to self 
and loved ones, despite an intense desire to halt 
that behaviour. Medically, addiction is of three 
types: tobacco addiction, alcohol addiction and 
drug addiction. 

Dependence is the tendency of the body 
to manifest a characteristic and unpleasant 
withdrawal syndrome if regular dose of drug or 
alcohol is abruptly discontinued. 


110. (a) It is necessary to conduct such tests on 
sportspersons because they take various drugs 
like cocaine/coca alkaloids and cannabinoids to 
increase their muscle tone and performance in 
sports. 

(b) Cocaine/coca alkaloids and cannabinoids. 
(c) Cannabinoids are obtained from Cannabis 
sativa and cocaine is obtained from Erythroxylum 
coca, 

111. (a) Yes, I will report to authorities because 
cannabinoids are drugs and drug abuse is an 
illegal practice. 


(b) Cannabis sativa | 
(c) Cannabinoids alter thoughts, feelings and 


Perceptions, These drugs cause illusions. 
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112. Yes, Dope test should be conducted on 
sportspersons participating in athletic meet 
because: 

(i) Athletes intake cannabinoids to increase 
their muscle tone and to have better performance. 
(ii) Intake of cocaine alters cardiovascular 
functions, increases heart beat and blood pressure. 
(iii) Cocaine delays fatigue and helps to enhance 
performance. 


113. Yes, it is always better to. prevent the 
adolescents from being getting addicted to harmful 
drugs, rather than cure them for addiction. Six 
steps that could be taken in this regard are: (i) A 
child should not.be pushed unduly to perform 
beyond his/her threshold limits in studies, sports 
or any other activities. 

(ii) Educating and counselling him/her to face 
problems and stresses and accept disappointments 
and failures as part of life. 

(iii) Parents and teachers can identify the danger 
signs and take appropriate steps to diagnose the 
malady and underlying causes, so that proper 
remedial steps can be taken. 

(iv) Help can/should be sought from qualified 
psychologists and psychiatrists. 

(v) The individual can seek help from parents 
and teachers. 

(vi) Help can also be sought from close and 
trusted friends; this would help to vent the feelings 
and anxiety and guilt. 


114. (a) Morphine - It is obtained from Papaver 
somniferum. It is strong analgesic and has sedative 
and calming effect. It decreases blood pressure 
and depresses respiratory centre. 

(b) Cocaine - It is obtained from Erythroxylum 
coca. It has vasoconstrictor properties and is 
powerful CNS stimulant. Its excessive dosage 
causes hallucinations. 

(c) Marijuana - It is obtained from Cannabis 
sativa. It is a hallucinogen and may cause 


psychosis. 

115.(a) (i) Morphine (ii) Barbiturates 

(b) Cocaine taken in low dose induces sense of 
well being and pleasure and delays fatigue, but in 
high dosage, it causes hallucinations. 











= 
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116. (a) Yes, I would inform the parents/school 
authorities, as taking drugs is an illegal practice . 
Also, teachers and parents can educate and counsel 
them properly and can make them understand the 
ill-effects of taking these drugs. 

(b) 


‘Class of drugs of Class ofdrugs| Source | Source | Source | Danger/ ill-effects 


(i) [Opioids | Papaver (i) Morphine 
somniferum | depresses respiratory 
centre, lowers blood 
pressure and heart 
beat. 
(ii) Heroin is a 
depressant and 
slows down body 
functions. 
Both of them affect 
the central nervous 
system. 
(ii) |Canna- |Cannabis | They are used in 

binoids | sativa the form of hashish, 
ganja, charas and 
marijuana. 
They are 
hallucinogens,and 
aifect cardiovascular 
system, and increases 
blood sugar level. 
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(c) (i) The principal can arrange for counsellin 
psychiatrists, psychologists, etc. Professionals 
address the students regarding drug addiction, y 
immediate and future consequences. 

(ii) He can get posters showing ill effects of us 
drugs pasted on the walls of the school op y 
arrange for a play based on drug addiction oh 


shown to the students. 


117. He must be trying to make the People 
aware of the immediate ill-effects of alcoholism 
like reckless behavior and vandalism and how 
the excess dose can lead to cirrhosis, cerebyy 
haemorrhage, heart failure, infertility and dea 
dueto respiratory failure. Alcoholism can lead 
aggressive and rebellious behaviour, deterioratin 
rélationship with family and friends, loss of intereg 
in hobbies, weight loss/gain etc. The far-reaching 
implications are : (i) stealing, when the abuse 
is unable to get money to buy alcohol/drugs, (ij 
causing mental and financial distress to his/her 
family, friends, etc. 

To avoid all these and to motivate the youth to liv 


a happy and healthy life must be the aim of his 
counselling. 


KECO 



















Strategies for 
Enhancement in 
Food Production 





9.1 Animal Husbandry 
9.2 Plant Breeding 


9.3 Single Cell Protein 
9.4 Tissue Culture 


È Topicwise Analysis of Last 10 Years! CBSE Board Questions (2018:2009); 


7 


Number of questions ————_> 
So WN 


Topic ————> 


» Maximum Wiehabtadle is of Animal Husbandry. b> Maximum SA | type questions were asked from 
< ; Animal Husbandry and Plant breeding. 
» Maximum VSA, SA II type questions were asked 


from Animal Husbandry. b> aaen type questicns were asked from 
ing. 


QUICK RECAP $$ 


© Due to rapid increase in human population, ANIMAL BREEDING 


increase in food production is the major © Animalhusbandry is the science ofsystematic 
necessity, Animal husbandry and plant preeding and raising of domesticated animals 
breeding play a major role in increasing ii Ai uman anes 

food production to meet the demand ofever Animal breeding aims at increasing the 


yield of animals and improving the desirable 


increasing population. qualities of the produce. 
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Objectives of 
animal breeding 






j j eggs, wool, etc. 
4 Increased production of superior quality of milk, meat, egg 


<> Improved growth rate 





Inbreeding 








as Improved resistance to various diseases 
> Increased productive life 
e Increased reproduction rate 


Animal Breeding 


It is producing improved breeds of domesticated animals by improving their genotypes through selective 
by improving their genotypes through selective mating. 


Outbreeding 










Types 


Controlled breeding experiments 







for 4 - 6 generations. Inbreeding 
increases homozygosity, so it is 
necessary for evolving a pureline 
in any animal. 

Continued inbreeding causes 
inbreeding depression. 

















Out crossing © 





Cross breeding 








Breeding superior 
males of one breed with 
superior females of 
another breed. It allows 
the desirable qualities 
of two different breeds 
to be combined. 
E.g., Hisardale is a 
new breed of sheep 
developed in Punjab 
by crossing Bikaneri 
ewes and Marino rams. 


Mating between 
unrelated members 
of the same breed 
which have no 
common ancestors 
on either sides of 
their pedigree upto 
4 - 6 generations. 















The mating of more closely related] |It is the breeding of 
individuals within the same breed} unrelated animal. 


It involves m 
Species whic 


These are carried out using artificial insemination 


and Multiple Ovulation Embryo Transfer 
Technology (MOET). Artificial insemination 
involves inseminating the native cows with the 


semen of superior bulls of exotic or indigenow 
breeds. | 





It helps us to overcome several problems of natu 
mating such as comparatively lesser amount o 


semen is required, cows at distant places canal 
be fertilised, etc. | 


In MOET (Multiple Ovulation Embryo Transi) 
a cow is administered hormones, with FSH lke 
activity, to induce follicular maturation “ 
superovulation i.e., (instead of one egg produc 
normally) 6 — 8 eggs are produced. 

The superovulated cow is either mated with” 
elite bull or artificially inseminated. The fertis” 
€Sss at 8-32 celled stages, are recovered not 
surgically and transferred to surrogate mot 


The genet; i i 
; penetic mother is available for another” 
of superovulation. 





Interspecific hybridisation . 
ping between members of two diff" 
Produces interspecific hybrids. 


al 


A 
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| pairy farm management 


It is the Manageme 
a l nt of ani 
obtaining milk and oth rode, 


er milk produ 
human consumption, J deals at s fr 


and systems that increase yield and improve 


quality of milk. Dairy animals include cow, 


buffalo, goat etc. 
ses 


Some breeds of cattle 


Milch breeds | 
Gujarat, Rajasthan 














Exotic (Foreign) breeds 
Breed 


Jersey 






Distribution 
Island of 
Jersey in 
English Channel 
Holland 














Holstein- 
Friesian 





Punjab, Haryana 
Andhra Pradesh 
Andhra Pradesh 






Red Sindhi 










Ayrshire 





Brown Swiss | Switzerland 





Draught breeds 
Distribution 





Malvi Rajasthan, Madhya Pradesh 
Nageri Delhi, Haryana, Uttar Pradesh 


Hallikar 






Karnataka 





Tamil Nadu and other parts of South India 


General utility breeds (Dual purpose breeds) __ . 


Alwar and Bharatpur districts of Rajasthan 


Tharparkar Rajasthan, Gujarat 


Rathi (Rath) Alwar and Bikaner districts of Rajasthan 


Dangi Ahmednagar and Nasik districts of Maharashtra 
, a 


Table: Some Breeds of Indian Buffaloes 


lM Punjab, Haryana, Uttar Pradesh 
‘one Uttar Pradesh, Madhya Pradesh 

; adawari Gujarat 

3. Jaffarabadi j 


; Rajasthan, Gujarat 
4. Surti 
5. Meh Gujarat | 
anata Central and South India 
Nagpuri or Ellichpuri Punjab; Haryana 
‘Nili Ravi 
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ods 
Table: Some Indian Sheep Breed — È 
[J]. Souther” Reg! 
k: Deccani 


2 Nellore 










I. Northern Temperate Region 
1. Gaddi 
2. Bhakarwal 
3. Rampur Bushair 4. Gurez 

II. Northern-Western arid and semi-arid Region 
1. Nali 
2. Lohi 

3. Marwari 


ion 
[V. Eastern Regio 
1. Chhota Nagput 


2. Shahabadi 
3, Ganjam 






Table: Some Indian Goat Breeds 
Southern Region 

1, Malabari 

3. Sangamner! 
Eastern Region 

1. Bengal 


2. Surti 
4, Osmanabadj 


Northern Temperate Region 
1. Gaddi 2. Kashmiri Pashmina 
3. Changthangi 4. Chegu 
North-Western Arid and Semi-arid Region 
1. Marwari 2. Sirohi 


2. Ganjam 


3. Beetal 4. Jamunapari 
male fowl and rooster is a mature male fy 


Poultry farm management Pullet is young hen of less than one yp, 


b>) Poultry is the class of domesticated fowl Selection of disease free and suitable bre 
(birds) used for meat and eggs. They proper and safe farm conditions, pry 
typically include chicken and_ ducks, and feed and water, hygiene and health « 
sometimes turkey and geese. Poultry birds are important compor ents of poultry fr 


exclusively grown for meatarecalled broilers 
(e.g, Plymouth Rock), layers are female 
fowls for egg production, cockerel is a young 


management. 





Table: Some breeds of chicken 


— 7 
English breeds 









American breeds 












A Plymouth Rock Australorp 
È. Wyandotte Cornish (dark) 
3, Rhode Island Red Dorking (silver-grey) 
4, Jersey Black Giant Orpington (buff and white) | 
5. New Hampshire Sussex | 
Asiatic breeds Mediterranean breeds 
L Brahma Leghorn 
2. Cochin Minorca 
3, Langshan Ancona 
Apiculture A. mellifera is domesticated, reared ant 
© Apiculture or bee keeping is care and in artificial hives. | 
management of honey bees. Common © Honeybees also produce beewak W 
species of honey bee are — Apis dorsata (rock ' finds many uses in industry. such 3 in! 
bee), Apis indica (Indian bee), Apis florea Preparation of cosmetics and polist” 
(little bee), and Apis mellifera — bee). various kinds 
in nature as wild Insects. hy 
All of them occur in natur sects © Knowledge of the nature and habit dt 


© However, because of their high economic 
the honey-bees, especially, 


, | ine 
Selection of suitable location for kee? f 
a iy 


beehives, catching and hiving ol > 


] 


importance, 
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(group of bees), management of beehiv 

during different seasons, and handli E 
and collection of honey and beewax ie 
important for successful bee keeping. i 


sericulture 


0 Sericulture is the rearing of silkworms (i.e 
production of cocoons) for commeret 
production of silk. Though a number of silk 
producing species are known but only few 
species are used for sericulture like Bombyx 
mori, Antheraea paphia, Antheraea assama 
and Attacus ricinii. 


ĝ India is the fourth largest producer of raw 
silk in the world. Raw silk is used in many 
ways - in the manufacture of woollen and 
knitted garments, parachute components, 
fishing lines, elastic webs, bolting silk cloth 
used in milling and chemical industry, 
insulation coils of telephone and wireless 
receivers. 


Fisheries 


© Fishery is an industry devoted to the 
catching, processing or selling of fish, 
shellfish or other aquatic animals. A large 
section of our population is dependent on 
fish, fish products and other aquatic animals 
such as prawn, crab, lobster, oyster, etc., for 


food. 


© Aquaculture is rearing and management of 
useful aquaticsplants and animals like fish, 
oysters, mussels, prawns, etc. Pisciculture 
is rearing, catching and management of 
fish. This has led to the development and 
flourishing of the fishery industry, and it has 
brought a lot of income to the farmers in 
particular and the country in general. 

© Fisheries are divided into two types -marine 
and freshwater. 

Common edible fishes of India 


Freshwater Fishes 



















Marine Fishes 







Rohu (Labeo rohita), 
Calbasu (L. calbasu), 
Catla (Catla catla), 
Singhara (Mystus 
seenghala), Mrigal 
(Cirrhinus mrigala) 


Bombay duck 
(Harpadon sp.), Eel 
(Anguilla sp.), Hilsa 
(Hilsa), Pomfret 
(Stromateus), Sardine 
(Sardinella) 
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PLANT BREEDING 


© Plant breeding is the genetic improvement of 
the crop in order to create desired varieties 
of plant types that are better suited for 
cultivation, give better yields and are disease 
resistant. 


@ Classical plant breeding 
hybridisation (crossing) of pure lines, and 
selection of progeny plants to get plants with 
desirable characters of higher yield, nutrition 
and resistance to diseases. 


Steps in plant breeding 
Collection of variability 


The entire collection (of plants/seeds) having all 
the diverse alleles for all genes in a given crop is 
called germplasm collection. A good germplasm 
collection is essential for a successful breeding 
programme. 


Evaluation and selection of parents 


The germplasm is evaluated so as to identify 
plants with desirable combination of characters. 
The selected plants are multiplied and used in the 
process of hybridisation. 


includes 











Cross hybridisation 
among the selected parents 
| Cross hybridisation of the two parents is done 
to produce hybrids that genetically combine the 
desired characters in one plant. 













Selection of superior recombinants 


Progeny plants that are superior to both of the 
parents are selected. 








Testing, release and commercialisation 

of new cultivars 
The material is evaluated in comparison to the 
best available local crop cultivar - a check or 
reference cultivar. 


@ The development of several high yielding 
varieties of wheat and rice in the mid- 
1960s, as a result of various plant breeding 
techniques led to dramatic increase in 
food production in our country. This 
phase is often referred to as tue Green 
Revolution. 
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© Conventional breeding is often constrained 
by the availability of limited number of 
disease resistance genes. Other breeding 
methods that are used are mutation breeding, 
selection amongst somaclonal variants and 
genetic engineering. 

© It is possible to induce mutations artificially 
through use of chemicals or radiations (like 
gamma radiations), and selecting and using 
the plants that have the desirable character 
as a source in breeding-this process is called 
mutation breeding. In mung bean, resistance 


to yellow mosaic virus and powdery mildew 
were induced by mutations. 








Okra (Bhindi) 


Breeding for improved food quality 





© Breeding of crops with high levels of vitamins 
and minerals or higher protein and healthier 
fats is called biofortification and is the most 
practical aspect tò improve the health of the 
people. 


© Plant breeding-is undertaken for improved 
nutritional quality of the plants with the 
objectives of improvement in : protein content 
and quality, oil content and quality, vitamin 
content and micronutrient and mineral 
content. 


© Indian Agricultural Research Institute 
(IARI), New Delhi, has also developed many 
vegetable crops that are rich in minerals and 
vitamins. 


SINGLE CELL PROTEIN (SCP) 


© Conventional agricultural production of 
cereals, pulses, vegetables, fruits, etc., may 
not be able to meet the demand of food at the 
rate at which human and animal population 


is increasing. 





Brassica Pusa Swarnim 
a (Karan rai) 
Cauliflower 


5. | Chilli Pusa 
Sadabahar 


{| Some crop varieties developed by hybridisation and selection for insect pest resistance 


Pusa Sem2, Pusa Sem 3 Jassids, aphids and fruit borer 
Pusa Sawani, Pusa A-4 


© One of the alternate sources of proteins 


D 
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Table: Some disease resistant Crops 


Himgiri 














Leaf and 


stripe rust, 
hill bunt 














Pusa Shubhra, 
Pusa 
Snowball K-1 


Black rot an d 
Curl blight 

black rot 
Bacterial blight |. 
Chilli Mosaic 
Virus, Tobacco 
mosaic virys | 
and Leaf cul 




















Shoot and fruit borer 


for animal and human nutrition is single 
cell protein (SCP). It is dried cell o 
microorganisms or microbes (algae, bacteria, 
actinomycetes and fungi) used as food. 


The term SCP does not indicate its actu? 
meaning because the biomass is not only 
obtained from unicellular organisms but also 
from multicellular organisms. | 


Microbes like Spirulina can be grown ™ 
waste water from potato processing plas" 
(containing starch), straw, molasses, anim 
manure and even sewage, to produce 00 | 


~ . . . ; 
rich in proteins, minerals, fat, carbohydrat | 
and vitamins. 








SCP is rich in high quality protein and f 
poor in fats. 


It has been estimated that a 250 kg fs 
produces 200 g of protein per day: jike 
same period 250 g of a microorganis™ d 
Methylophilus methylotrophus because] 
its high content of biomass production ` 


growth, can produce about 25 tonne 
protein. 


B 
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TISSUE CULTURE 


Q Plant tissue culture is an in vitro technique of 


Suspension cultures grow much faster than 
callus culture. 





maintaining and growing plant cells, tissues 
or organs aseptically on artificial mediun 

in suitable containers under controlled 
environmental conditions. The part which is 


cultured is called explant. 


Cellular totipotency is the ability ofa somatic 
cell/explant to produce the complete 
organism. The explants are treated with 
specific anti-microbial chemicals to make 
them free from microbes. Culture media 
containing inorganic salts, certain vitamins, 
sucrose (as a source of carbon and energy) 
and the desired growth regulators is provided 
that is required for the desired growth and 
development of the explants. 


Embryoids are nonzygotic or somatic 
embryo-like structures which are produced 
by in vitro culture and have the ability to 
form full fledged plants. 


Producing thousands of plants through tissue 
culture is called micropropagation. Each of 
these plants will be genetically indentical to 
the original plant from which they are grown, 
ie., they are somaclones. Many important 
plants like tomato, banana, apple, etc., have 
been produced on commercial scale using 
this method. 

Steps in micropropagation include initiation 
of culture from an explant on a suitable 
nutrient medium, shoot formation from the 
explant, rooting of in vitro developed shoots, 
hardening of plantlets and transplantation 
to fields. 


Depending upon the type of explant, tissue 
culture is called meristem culture, multiple 
shoot culture, anther/haploid culture, 


embryo culture, ovule culture, etc. 


On the basis of in vitro growth, plant 
tissue cultures are of two types, callus and 
suspension cultures. 


Incallus culture, cell division in explant forms 
a callus. Callus is irregular unorganised and 
undifferentiated mass of actively dividing 
cells, 

re consists of single cells 
f cells suspended in a 
g the auxin 2,4-D. 


A suspension cultu 
or small groups OF C6 
liquid medium containin 





Explant 


Explants cultured 
in liquid medium 


V 


Callus Suspension of cells 
(Callus culture) (Suspension culture) 


Explants cultured 
on agar medium 


Regeneration 
Shoot Somatic embryo 
Rooting Germination 
Plantlet 
d Hardening 


Established in the field 


Flow chart : Callus and suspension culture 


Protoplast culture and somatic hybridisation 
@ When a hybrid is produced by fusion of 


© 


somatic cells of two varieties or species, it 
is known as somatic hybrid. The process of 
producing somatic hybrids is called somatic 
hybridisation. 


First, the cell wall of the plant cells are 
removed then the protoplasts of the two 
plants are brought in contact and made to 
fuse by means of electrofusion or chemicals 
like polyethylene glycol (PEG) and sodium 
nitrate. The fused protoplasts soon develop 
their own walls and then they are called 
somatic hybrid cells. 


Successful somatic hybrids have also been 
got from different species of Brassica, Petunia 
and Solanum. Pomato is somatic hybrid 
between potato and tomato that belong to 
two different genera. 


Protoplast technology has opened up 
avenues for development of hybrids of even 
asexually reproducing plants. Somatic hybrids 
may be used for the production of useful 
allopolyploids. 


Genetic mainipulations can be carried out 
more rapidly when plant cells are in protoplast 
state. New genes can be introduced (e.g., male 
sterility, herbicide resistance). Mutations will 
be easier. 


oS a 
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Li 


12. 


13. 
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9.1 Animal Husbandry 


(1Tmark) | 








A herd of cattle is showing reduced fertility 

and productivity. Provide one reason and 

one suggestion to overcome this problem. 
(AI 2017) 


Suggest the breeding method most suitable 
for animals that are below average in milk 
productivity. (Delhi 2016) 


Mention the role of ‘genetic mother’ in 
MOET. (AI 2016) 


Mention the economic value of Apis indica. 
(Delhi 2015C) 


Write the importance of MOET. (Delhi 2013) 


Write a professional approach at genetic level 
that can help the farmer to improve the milk 
yield of low milk producing cows on his farm. 

(Delhi 2013C) 


Write the name of the following: 

(a) The most common species of bee suitable 
for apiculture. 

(b) An improvedbreed of chicken. (AI 2012) 
MEd (2 marks) —_ 
Differentiate between. outbreeding and 
outcrossing, (Foreign 2015, AI 2014C) 


Statethe disadvantage of inbreeding among 
cattle. How it cam be overcome? (Delhi 2014) 


Explain giving reasons, the need to keep the 
bee-hives in the fields during flowering 


season. (AI 2012C) 
How is a pureline in an animal raised ? 
Explain. (Delhi 2011C) 


How does inbreeding depression set in ? 
Mention the procedure you would suggest to 
reverse this. (AI 2011C) 


Honey collection improves when beehives are 
kept in cropfields during flowering season. 
Explain. (Delhi 2010) 


MOET programme has helped in increasing 
the herd size of the desired variety of cattle. 
List the steps involved in conducting the 


programme. (AI 2009) 


CATON) GEG CBSE Board Questions 


16. 


17. 





19. 


20. 


JAF 


23. 


24. 


25; 


26. 
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Which one of the following is useq Ch 

iculture ? 
Disa Apis indica, Sonalika (Foreign 20 ay 
List any four important components i 
Poultry Farm Management? (Delhi 20090; 
Give the scientific name of the most commo 
species of honey bee reared in India. Whyisi 
advantageous to keep beehives in crop-fielg, 
during flowering periods. (Delhi 20090) 


KINIA (3 marks) aà o 
18. 


Explain out-breeding, out-crossing and croy. 
breeding practices in animal husbandry 

| (2018) 
(a) What is inbreeding depression? 
(b) Explain the importance of “selection 
during inbreeding in cattle. (Delhi 2017) 
(a) Name any two fowls other than chicken 
reared in a poultry farm. | 
(b) Enlist four important components of 
poultry farm management. (Delhi 2016). 
Enumerate any six essentials of good, effective 
dairy farm management practices. (AI 2015) 


. High yielding cattle is a good solution for 


food enhancement. How does the MOEI 
technology help to increase the herd size! 
(AI 2015C, 20100 


Why are beehives kept in crop field durin: 
flowering period? Name any two crop fields 
where this is practised. (Delhi 2014) 


Differentiate between inbreeding ant 
outbreeding in cattle. State one advantage” 
one disadvantage for each one of them. 
(Delhi 2013 
(a) Explain how to overcome inbreedit 
depression in cattle, 
(b) List three advantages of inbreeding in ca 
(c) Name an improved breed of cattle. 
(Delhi 20” 
(a) Differentiate between inbreeding 7 
outbreeding. 
(b) Explain inbreeding depression and h 
it can be overcome. l 
(c) Mention two advantages of inbree 
programme in cattle. (Delhi a 
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97. (a) What is the programme called that 
is involved in improving success rate of 
production of desired hybrid and herd size of 
cattle? 

(b) Explain the method used for carrying 
this programme for cows. (AI 2012) 

98. Mention and describe any three methods to 
overcome inbreeding depression in animal 
husbandry. (Delhi 2012C) 

29, What is inbreeding depression and how 
is it caused in organisms? Write any two 
advantages of inbreeding. (Delhi 2011) 


30. Describe the technology that has successfully 
increased the herd size of cattle in a short time 
to meet the increasing demands of growing 
human population. (AI 2011) 


31. Study the flow chart given below : 


| Cow is administrated with FSH hormone | 
| 6 - 8 eggs per cycle are derived | 


Artificially inseminated 


| Fertilised eggs at 8 — 32 cells are recovered | 


(2) 


(a) Identify.the events that take place at 
stages (1),and (2) respectively. 
(b) State the importance of the technology 


explained above. (Foreign 2011) 


32. (a) Write the scientific name of the most 
common species of honey bee reared. 
(b) Mention the kind of areas that are suitable 
for bee-keeping practices. 


(c) Mention any two uses of bee wax. 
(Delhi 2011C) 


revolution’? Name _ two 
fish. 
(AI 2011C ) 


33. What is ‘Blue 
freshwater and two marine edible 


34. (a) Inbreeding is advantageous as well as 


disadvantageous. Explain. 


(b) Differentiate between inbreeding and 
outbreeding. (Delhi 2010C) 
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ding practices carried 
Explain the 
(AI 2010C ) 


35. List any three outbree 
out to breed domestic animals. 
importance of each one listed. 





(UW (5 mark) ooo ooo 
36. (a) State the objectives of animal breeding. 

(b) List the importance and limitations 
of inbreeding. How can the limitations be 


overcome? 
(c) Give an example of a new bree 


cattle and poultry. 
9.2 Plant Breeding 
LAAYE (1 mark) | 


37. State the economic value of Saccharum 


officinarum in comparison to S.barberi. 
(AI 2015C) 


d each of 
(AI 2014) 





38. Name any two diseases the ‘Himgiri variety 
of wheat is resistant to. (AI 2013) 
39, Write the names of two semi-dwarf and high 
yielding rice varieties developed in India after 


1966. (Delhi 2012) 
40. State the importance of biofortification. 
(AI 2011) 





SNES (2 marks) Pane 
41. In an agricultural field there is a prevalence 
of the following organisms and crop diseases 
which are affecting the crop yield badly 
(a) White rust 
(b) Leaf and stripe rust 
(c) Black rot 
(d) Jassids 
Recommend the varieties of crops the farmers 
should grow to get rid of the existing problem 
and thus improve the crop yield. (Delhi 2017) 





42. How has mutation breeding helped in 
improving the production of mung bean 
crop? (Delhi 2015) 


43. Name any two common Indian millet crops. 
State one characteristic of millets that has 
been improved as a result of hybrid breeding 
so as to produce high yielding millet crops. 

(Delhi 2015) 

44, Enumerate four objectives for improving the 
nutritional quality of different crops for the 
health benefits of the human population by 
the process of “Biofortification’.. (Delhi 2015) 
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45. Name the following: 
(a) The semi - dwarf variety of wheat which 
is high yielding and disease resistant. 
(b) Any one interspecific hybrid mammal. 
(Delhi 2012) 
46. Identify A, B, C and D in the following table. 


Crop Variety Resistance 
to Disease 
i 


~ Pusa Komal Bacterial 


blight 
(AI 2012C) 
47. Explain the advantage of cross breeding of the 
two species of sugarcane in India. 
(Delhi 2011) 


48. Name and explain the mechanism by which 
seeds from hybrid plants are developed, 
are able to retain the desired hybrid ch; 
in the progeny. 











49. How are the following two 
sugarcane different from eac 


snow to obtain a 
(Delhi 2009C) 


51. (a) s of inducing artificial 
muta ant. 
(b) that help in introducing the 
desire n into the crop. (AI 2009C) 





52. (a) Write the desirable characters a farmer 
looks for in his sugarcane crop. 
(b) How did plant breeding techniques help 
North Indian farmers to develop cane with 
desired characters? (AI 2017) 
53. Plant breeding technique has helped sugar 


industry in North India. Explain how. 
(Delhi 2016) 


54. (a) Name the tropical sugarcane variety 


grown in South India. How has it helped in 
improving the sugarcane quality grown in 
North India? 


P 
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(b) Identity `a, ‘b' and ‘¢ in the following tahle 


> 















No. | Crop | Variety Insect 
| Jo — : Pests 
l. | Brussica | Pusa Gaurav | A 
2. | Flat | PusaSem2 | R 1 





| 
bean | Pusa Sem 3 | 


i Jeo — 


Pusa Sawant | Shoot and | 
Pusa A-4 

(Dethi 2014) 

Write its 

he contribution 

esearch Institute 
of two examples, 

(Foreign 2014) 

















° a > 
55. What ts ym? 
importance. M 
of Indian 


towards it 


ling. List the desired qualities of 
cane obtained trom this cross. 
(Delhi 2013C) 
y is biofortification considered as the most 
practical means to improve public health? 
Explain taking three examples. (Al 2012C) 
58. How can crop varieties be made disease 
resistant to overcome food crisis in India? 
Explain. Name one disease resistant variety in 
India of: 
(a) Wheat to leaf and stripe rust 
(b) Brassica to white rust 


59. IARI has released several varieties of 
crop plants that are biofortified. Give 
three examples of such crops and their 
biofortifications. (Foreign 2011) 


(5 marks) 


60. With advancements in genetics, molecular 
biology and tissue culture, new traits have 
been incroporated into crop plants. 
Explain the main steps in breeding 4 neW 
genetic variety of a crop. (Al 2014) 


61. (a) What is plant breeding? List the two steps 
the classical plant breeding involves. | 
(b) How has the mutation breeding helped ii 
improving crop varieties? Give one examp“ 
where this technique has helped. 
(c) How has the breeding programme help . 
in improving the public nutritional health 
State two examples in support of your answe 
(Delhi 20!- 


a 


(Delhi 2011) 
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93 Single Cell Protein 


(1 mark) 








62. Write an alternate source of protein for 
animal and human nutrition. (AI 2014) 


(2 marks) č 


63, You have obtained a high yielding variety of 
tomato. Name and explain the procedure that 
ensures retention of the desired characteristics 
repeatedly in large populations of future 
generations of the tomato crop. (2018) 


94 Tissue Culture 


64, Identify the two correct statements from the 
following : 
(a) Apiculture 

culture. 
(b) Spinach is iron-enriched. 
(c) Green revolution has 
improved pulse-yields. 
(d) Aphids cannot infest rapeseed mustard. 
(Delhi 2014C) 


65. Why is the enzyme cellulase used for isolating 


genetic material from plant cells but not for 
animal cells? (Delhi 2013, 2010) 


SAIS (2 marks) — — 


66. (a) Why are the plants raised through 
micropropagation termed as somaclones? 


(b) Mention two advantages of this 
technique. (AI 2015) 


67. How can healthy potato plants be obtained 
from a desired potato variety which is virus 
infected? Explain. (Delhi 2014, 2014C) 


68. Name the technology used in 
micropropagation of plants. Write the genetic 
significance of the plants raised thröugh this 
technique. Give two examples where this 
technology is commercially exploited. 

(Delhi 2012C) 

d through micro- 

lones? Name three 


commercial scale 
(AI 2009C) 


means apical meristem 


resulted <in 











69. Why are plants obtaine 
Propagation termed somac 
food plants produced on 
through this method. 
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PRS (3 marks) Žž Ż 


70. Differentiate between somaclones and somatic 
hybrids. Give one example of each. 
(Delhi 201 6) 


71. (a) Write the two limitations of traditional 
breeding technique that led to promotion of 


micropropagation. 
(b) Mention two advantages of 
micropropagation. 
(c) Give two examples where it is 


commercially adopted. (AI 2016) 


72. A sugarcane has been affected by virus. How 
can a virus free cane be developed from it? 


Explain the procedure. 
(Delhi 2015C, AI 2014C) 


73. Mention the property of plant cells that has 
helped them to grow into a new plant in in- 
vitro conditions. Explain the advantages of 
micropropagation. (Delhi 2011) 

74. Scientists have succeeded in recovering 
healthy sugarcane plants from a diseased one. 
(a) Name the part of the plant used as explant 
by the scientists. 

(b) Describe the procedure the scientists 
followed to recover the healthy plants. 
(c) Name this technology used for crop 


improvement. (AI 2011) 


75. (a) Mention the property that enables the 
explants to regenerate into a new plant. 


(b) A banana herb is virus-infected. Describe 
the method that will help in obtaining healthy 
banana plants from this diseased plant. 

(AI 2010) 


WM (5 marks) ooo 


76. (a) Name the technology that has helped 
scientists to propagate on a large scale the 
desired crops in a short duration. List the 
steps carried out to propagate the crops by the 
said technique. 


(b) How are somatic hybrids obtained? 
(Delhi 2014) 
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K ripe Foot 
reduces fertility and “od ie wad ee 
saponin pro mity of animals, also 
g depression. This could be the 
reason of reduced fertility and productivity in 
the herd of cattle. In this condition, the selected 
animal should be mated with superior animals 
of the same breed but unrelated to the breeding 
population, e.g, outcrossing. This helps is 
restoring fertility and yield. 
2. Outcrossing is the most suitable breeding 
method for animals that are below average in milk 
productivity. It is the mating ofanimals within the 
same breed but having no common ancestors on 
either side of their pedigree upto 4-6 generations. 
3. In MOET, genetic mother is the biological 
mother of the offspring. Hormones with FSH like 
activity are given to genetic mothers for inducing 
follicular maturation and superovulation., AS a 
result, 6-8 eggs are produced instead of 1 egg per 
cycle. She is then mated with a superior bull,or 
artificially inseminated. Embryos ats8-32 cell stage 
are recovered and transferred to surrogate mother 
and the genetic mother is again available for super 


ovulation. 

4. Apis indica is comm 
used in apiculture: 

5. Multiple Ovulation’ Embryo Transfer 
Technology (MOET) Is the programme used to 


increase the herd size in a short time. 
e best breeding method 


h that can help farmer 
als that are below 


on species of honey bee 


6. Outcrossing ÍS th 
and professional approac 
improve the milk yield in anim 
average in milk production. 
7. (a) Apis indica 

(b) Leghorn is an improv 
g. Out breeding Is breeding of unrelated animals 
which may be between individuals of same breed 
or between different breeds or different species. 
Outcrossing is the practice of mating of animals 
within the same breed but having no common 


ancestors. This is the best breeding method for 


animals that are below average in milk production, 


growth rate in beef cattle, etc. A single outcross 
often helps to overcome inbreeding depression. 


ed breed of chicken. 
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9, Refer to answer I. 

10. Bees are the pollinators of many of our crop 
species such as sunflower, Brassica, apple and 
beehives in crop fields during 
flowering period increases pollination efficiency 
and improves the crop yield. Also bees collect 
nectar from flowers of these crop plants to make 
honey hence, honey yield also increases. 

n an animal is raised through 
s< method, superior males and 
d are selected and mated. 
The progeny obtained from such matings are 
evaluated and superior males and females among 
them-are identified for further mating. Inbreeding 


increases homozygosity. It exposes harmful 
recessive genes that are eliminated by selection. 


12). Refer to answer 1. 
13. Refer to answer 10. 
14. Multiple Ovulation 
MOET is a method to impro 
desired variety of cattle. The s 
MOET are as follows:- 
(i) Hormones (with F 
to cow for inducing 
super ovulation i.e., pro 
cycle. 

(ii) Cow is either 
inseminated. 
(iii) The embryos wit 
recovered and transferred to 
and genetic mother becomes 
cycle of super ovulation. 
15. Apis indica is the most common species of bees 
used in apiculture. Hilsa is a marine fish. Sonalika is 
the high yielding and disease resistant variety of the 


pear. Keeping 


11. A pure line i 
inbreeding. In thi 
females of the same bree 


Embryo Transfer or 
ve the herd size of 
teps involved in 


SH-like activity) are given 
follicular maturation and 
duction of 6-8 ova in one 


mated with best bull or artificially 


h 8-32 cell stages are 
surrogate mother 
available for new 


wheat. 
16. Ihe four imp 


farm management are- 
ase free and suitable breeds: 


(i) Selection of dises 

Selection of breeds is the most important aspect. 
The breed should be disease free and suitable to 
the environmental conditions. 
(ii) Brood house: Brood house should not be 


crowded and should be rain prool and protect 


from predators. 


ortant components of poultry 
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iii Sanitation and hygiene: The area Should be 
-leaned and disinfected. 

(iv) Feed management: Feeding constitutes the 
major management concern in egg and meat 
production. 

17. Refer to answer 7(a) and 10. 


18. Out-breeding is the breeding of the unrelated 
animals which may be between individuals of the 
same breed, but without a common ancestors for 
4-6 generations, or between different breeds or 
different species (interspecific hybridisation). 
Out-crossing is the mating of animals within the 
same breed but having no common ancestors 
on either side of their pedigree, up to 4-6 
generations. The offspring of such a cross is called 
as an out-cross. It is the best breeding method for 
animals that are below average in productivity 
in milk production, growth rate in beef cattle, 
etc. Sometimes only a single out-cross helps to 
overcome inbreeding depression. 

In cross-breeding, superior males of one breed 
are mated with superior females of another breed. 
Many new animal breeds have been developed 
by this strategy and it gives better breeds. For 
example, cows of an inferior breed;may be mated 
to bulls of a superior breed to get better progeny. 
Hisardale is a new breed of sheep developed in 
Punjab by crossing Bikaneri ewes and Marino 
rams. 


19. (a) Inbreedifig refers to the breeding between 
animals of same breed for 4-6 generations. Ít 
increases homozygosity. Thus, inbreeding is 
necessary if we want to develop a pureline in any 
animal, But continued inbreeding reduces fertility 
and even productivity. This is called inbreeding 
depression. ` 
(b) In “selection” process of cattle, the selected 
animals of the breeding population are mated 
With superior animals of the same breed which 
are unrelated to the breeding population. It helps 
in restoring fertility and yield. Superior cows and 
superior bulls of the same breed are identified and 
Mated. The progeny obtained from such mating 
are evaluated and superior males and females are 
identified for further mating- A superior female, is 
the cow that produces more milk per lagiation, a 
the other hand, a superior male is the bull, whic 
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gives rise to superior progeny as compared to those 
of other males. 


20. (a) Poultry is rearing of domesticated fowl 
(birds) used for their meat and eggs. Two fowls 
reared in a poultry farm other than chicken are 
ducks and turkeys. 

(b) Important components of poultry farm 
management are as follows : 

(i) Selection of disease free and suitable breeds 
(ii) Proper and safe farm coñditions 

(iii) Proper feed and water 

(iv) Hygeine and healthcare 


21. Six essentials of good, effective dairy farm 
management practices are: 

(i) Animals should bé kept in a well - ventilated 
shed with à>pucca floor and a proper drain 
channel, 

(ii) Cows should be milked gently, quickly, fully 
and hygienically. 

(iii) Shed should be disease free. 

(iv) In summer, adequate amount of fresh 
and clean drinking water should be provided. 
Sprinkling of water in the shed also reduces the 
heat stress. 

(v) In winter and during rains, the animals 
should be kept under cover especially at night. 
(vi) Regular visit by a veterinary doctor is be 
mandatory. 


22. Multiple Ovulation Embryo Transfer 
Techno-logy (MOET) is a programme for herd 
size improvement. In this method, hormones 
(with FSH-like activity) are given to the cow for 
inducing follicular maturation and superovulation 
ie., instead of one egg, which they usually give 
per cycle, they produce 6-8 eggs. ‘Ihe cow is either 
mated with the best bull or artificially inseminated. 
The embryos at 8-32 celled stages are recovered 
and transferred to surrogate mothers. The genetic 
mother is available for another super ovulation. 
MOET has been done in cattle, sheep, rabbits, 
buffaloes, mares etc. High milk giving breeds of 
females and high quality meat (lean meat with less 
lipid) giving bulls have been bred successfully to 
obtain better breed in a short time. 


23. Refer to answer 10. 








> ee 
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24, 


$ ‘ene breeding is done between animals 


© same breed for 4-6 generations, it is 
called inbreeding. Outbreeding is the breeding 
between the unrelated animals which may be 
between individuals of the same breed (but 
having no common ancestor for 4-6 generations) 
ne» outcrossing or between different breeds 


(crossbreeding) or different species (interspecific 
hybridisation), 


Advantages ; (i) Inbreeding increases 


homozygosity. It also helps in accumulation of 
superior genes and elimination of less desirable 
genes. 
(ii) Outbreeding is the best breeding method for 
animals that are below average in productivity in 
milk production, growth rate in beef and cattle. 
Disadvantages : (i) Continued inbreeding reduces 
fertility and even productivity. This is called 
inbreeding depression., (ii) Outbreeding leads 
to elimination of recessive characters whereas 
desired combinations of characters may appear in 
low frequency. 
25. (a) Refer to answer 1. 
(b) Three advantages of inbreeding in.cattle are: 
(i) Inbreeding increases homozygosity. 
Hence, it is necessary if we want to evolve 
pureline. 
(ii) Inbreeding exposes those recessive genes 
that are eliminated by selection. 
(iii) It helps in accumulation of superior genes 
andvelimination of less desirable genes. 
(c) Jersey is animproved breed of cattle. 


26. (a) Refer to answer 24. 
(b) Refer to.answer 1. 
(c) Refer to answer 25 (b). 


27. (a) Multiple Ovulation Embryo Tansfer 
Technology (MOET) is used for improving 
success rate of production of desired hybrid and 
herd size of cattle. 

(b) Refer to answer 22. 


28. Continuous inbreeding usually reduces 
fertility and productivity. This is called inbreeding 
depression. Inbreeding depression can be 
overcome by outcrossing, crossbreeding and 
interspecific hybridisation. Outcrossing is the 
practice of mating of animals within the same 
breed, but having no common ancestors on either 
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side for 4-6 generations. A single outcross y 

helps to overcome inbreeding depression, In 
breeding superior males of one breed are k 
with superior females of another breed A 
breeding allows the desirable qualities of y 
different breeds to be combined. In interspec 
hybridisation, male and female anima), of Ri 
different related species are mated. 0 


29. Refer to answer 1 and 25 (b). 
30. Refer to answer 22. 
31. (a) 1. Follicular maturation and Superovulat, 
2. Embryos are transferred to surrogate Mother 
(b) Refer toanswer 22. 

32. (a) Refer to answer 7(a). 

(b) Bee-keeping can be practiced in an ate | 
where there are sufficient bee pastures of some 
wild shrubs, fruit orchards and cultivated crops, 











(c) Beewax is used in cosmetics, creams, 
ointments, paints and polishes. | 
33. Blue revolution is the movement implemented 
along the same lines as green revolution related b | 
the production of fish and fish products on a larg 
scale. Freshwater edible fishes are rohu and cath, 


Marine water edible fishes are hilsa and Bombay | 
duck. 


34. (a) Refer to answer 24. | 
(b) Refer to answer 24. 


35. The three outbreeding practices carried 
out to breed domestic animals are: outcrossing | 
cross-breeding and interspecific hybridisation. 
Outcrossing is the mating of animals within the 
same breed but not having common ancestors 0 
either side of their pedigree up to 4-6 generation 
Outcrossing is the best breeding method 
animals that are below average in milk productio" 
growth rate in beef and cattle etc. Sometim® | 


only one outcross helps to overcome inbred 
depression. : 





In cross-breeding superior males of one breed 
mated with superior females of another bi 
crossbreeding allows the desirable qualities 
two different breeds to be combined. The P roge" 
hybrid animals may themselves be used 


; ) 
commercial production. Alternatively, they ” 
be subjecte 


4} | 


rr |, 
d to some form of inbreeding | 
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“jon 10 develop new Stable breeds that may 
©" erior to the existing breeds e.g., Hisardale 
oath preed of sheep developed by crossing 
ef ewes and Marino rams. In interspecific 
'ridisation, male and female animals of two 
p species are mated. The progeny obtained 
a wuch a mating ane usually different from 
ath the parental species. But in some cases, the 
ose may combine desirable characters of 
ith the parents. Mule is produced from a cross 
ween female horse (mare) and male donkey. 


; (a) Agroup of animals related by descent and 
nilar in most characters like general appearance, 
tures, SiZe, configuration etc, is called a breed. 
se main objectives of animal breeding are: 

| To produce high yielding varieties of animals 
e high milk producing varieties in cattle, more 
g producing varieties in chicken, more wool 
aring varieties in sheep etc. 

) To produce draught or powerful varieties for 
ing work like in cattle, buffaloes, etc. 

i) To produce disease resistant varieties in many 
the livestocks. 


) Refer to answer 25 (b) and 1. 

| New breeds of cattle and poultry are Karan 
iss Leghorn respectively. 

Saccharum officinarum has higher sugar 
ntent and its stems are thicker, while Saccharum 
rberi has poor sugar content.and yield. 


. Himgiri variety of wheat is resistant to leaf 
d stripe rust and Hill bunt diseases. 
. Jaya and Ratna 
, Biofortification is the breeding of crops with 
her levels of vitamins and minerals or higher 
teins and healthier fats, to improve the public 
th by practical means. 
Following resistant varieties of crops should 
grown by the farmers to get rid of the problem 
Top diseases and yield. 

White rust - Pusa Swarnim variety of Brassica 

Leaf and stripe rust - Himgiri variety of 
Cat 

Black rot - Pusa Shubhra, Pusa Snowball K-1 

varieties of Cauliflower 
lassids ~ Pusa Sem 2 and Pusa Sem 3 varieties of 


flat bean 
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mutations are induced 
e of chemicals oF 
character are 
ung bean, 


42. In mutation breeding, 
artificially through the us 
radiations and plants having desired 
selected as a source in breeding. In m 
resistance to yellow mosaic virus and powdery 
mildew are introduced by mutation breeding. 


43. Jowar and bajra are two Indian millet crops. 
High yielding hybrid varieties of millet crops are 
resistant to pest attack and water stress. 

44. Biofortification is the breeding of crops with 
higher levels of vitamins and minerals or higher 
proteins and healthier fats, to improve the public 
health by practical means. Plant breeding is 
undertaken for improved nutritional quality of 
the plants with the objectives of improving : 

- Protein content and quality 

- Oil content and quality 

-  Vitamin.content 

- Micronutrient and mineral content. 


45. (a) [Sonalika and Kalyan Sona are semi- 
dwarfvarieties of wheat, which are high yielding 
and disease resistant. 

(Mule is an interspecific hybrid mammal, 
which is produced from a cross between female 
horse (mare) and male donkey. 


46. In the given table: 

A - Wheat 

B - White rust 

C - Pusa Shubhra, Pusa Snowball K-1 

D - Cowpea 
47. Saccharum barberi was originally grown 
in North India, but had poor sugar content and 
yield. However, Saccharum officinarum had 
higher sugar content and thicker stems but did not 
grow well in North India. These two species were 
crossed to have sugarcane varieties combining the 
desirable qualities of high sugar, high yield, thick 
stems and ability to grow in the sugarcane belt of 
North India. 


48. Plant breeding is the purposeful manipulation 
of plant species in order to create desired plant 
types that are better suited for cultivation, give 
better yields and are disease-resistant. The main 
steps in plant breeding are:- 

(i) Collection of variability 

(ii) Evaluation and selection of parents 

(iii) Cross hybridisation among the selected 
parents 
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(iv) Selection and testing of superior erage 
(v) Testing, release and commercialisation 0 
new cultivars, 

49. Refer to answer 47. 


50. The various sequential steps are : screening 
germplasm for resistance sources, hybridisation 
of selected parents, selection and evaluation of 
hybrids and testing and release of new varieties. 
51. (a) Refer to answer 42. 
(b) The steps in mutation breeding are : 
(i) Inducing mutation through various 
mutagens/methods. 
(ii) Screening the plant materials for disease 
resistance. 
(iii) Multiplication for these selected plants 
for direct use or for use in breeding. 
(iv) Hybridisation of the selected plant 
materials. 


(v) Selection for disease resistance, testing 
and release as a variety. 
52. (a) The desirable characters a farmer looks for 
in his sugarcane crop are: 
(i) it should have high yield. 
(ii) it should have thicker stems. 
(iii) it should have high sugar content 
(iv) must have the abilit 


belt. 
(b) Refer to answer 47 
53. Refer to answer 47. 
54. (a) Refer to answer.47 
(b) A- Aphids 
B - Jassids, aphids and fruits borer 
C - Okra 


55. Breeding ‘of crops with higher levels of 
vitamins and minerals or higher proteins and 
healthier fats is called biofortification. This is the 
most practical aspect to improve the health of the 
people. 

Plant breeding is undertaken for improved 
nutritional quality of the plants with the objectives 
of improving : 

- Protein content and quality 

- Oil content and quality 

- Vitamin content 

- Micronutrient and mineral content, 

Indian Agricultural Research Institute (IARI), 
New Delhi, has also developed ma 
crops that are rich in minerals and 


y to grow in sugarcane 


ny vegetable 
vitamins. For 
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eamin A enriched carrots. 
example, aan enriched bitter gourd. pu 
spinach; an vencichie’ spinach and bath, 
aaa ae „d beans. 
protein enricie p 
56. Refer to answer 47. 
57. Refer to answer 53. | 
58. Breeding for disease resistant crop Varieti, 
eae out by conventional breeding techn z 
or by mutation breeding. ae Conventi 
method of breeding sar disease tesista, 
is hybridisation and selection, The , X 
sequential steps are:yStreening germplasm 
resistance sources, hybridisation l of Seley. 
parents, selection and evaluation of hybrids a 
testing and release of new varieties. Conventig 
breeding is often constrained by the availabili i 
limited number of disease resistance genes thatan 
present and identified in various CrOp varieti 
Inducing mutations in plants sometimes ley 
to desirable genes being identified. Plants havi 
these desirable characters can either be multiplie 
directly or can be used in breeding. 
(a) Variety of wheat resistant to leaf and stripe 
rust - Himgiri | 
(b) Variety of Brassica resistant to White rust- 
Pusa Swarnim 


a 
q a 


59. Refer to answer 55. 


60. Plant breeding is the purposeful manipulation 
of plant by crossing different varieties in order 
create desired plant types that are better suited 
for cultivation, give better yields and are disease 


resistant. Plant breeding involves the following 
Steps : 


(i) Collection of V 


| 
| 
| 
| 


ariability — Collection a 
the different wild varieties 
of the cultivated species. Th 


tion (of Plant/seeds) having all " 
diverse alleles for j 


sermplasm is ey 


Wl : 
ne, Saole combination of characters. : 
‘oss hybridisation among the selee 


arents- ot es 
Parents Hy r idisation 1S crossing of two of 


l ringing their traits tog” 
In the Sing -di 
involves “oat The procedure of hybrid 
Electi : es 
characters on of parents with d i 


. selfing, emasculation, bagging, We 
lal Pollination. 
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i selection ae testing of superior 
i ambinants - Ihis is the selection of the plants 
from the: proge") of hybrids, which have the 
jesired combined character. The selected plants 
ye then self pollinated for several generations to 
ta uniformity i.e. homozygosity. 

lection is of two types: (a) Selection in self- 
allinated crops — The degree of cross pollination 
ig less than 5%. There is repeated self pollination 
f selected plants till superior homozygous 
enotypes are obtained. The best one is used 
ys new variety. The self-pollinated progeny of 
homozygous plant constitutes a pure line. 

p) Selection in cross-pollinated crops - The 
-rss-pollinated crops are heterozygous for most 
oftheir genes and their population contains plants 
{several different genotypes. Superior genotype 
lants are selected and are allowed to crossbreed 
(these plants are not allowed to self breed) so that 
heterozygosity is also maintained. 

ly) Testing, release and commercialisation of new 
cultivars- The newly selected lines are evaluated 
for their yield and other agronomic traits of 
quality, disease resistance etc. These selected 
cultivars are then tested with local best cultivar 
ndare then released for commercialisation. 


61. (a) Plant breeding is an applied»branch of 
botany which deals with the improvement of 
cultivated varieties (cultivars) of plants. It deals 
with the improvement in the heredity of crops 
and production of new crop varieties which are 
far better than original types in all respects. The 
main steps in production a new genetic variety of 
acrop are: evaluation and selection of parents and 
cross hybridisation among them. Testing, release 
and commercialisatiom of new cultivars are the 
other steps involved. 

(b) It is possible to induce mu 
through use of chemicals or T 
gamma radiations), and selecting 
Plants that have the desirable chara 
n breeding. This process is ca 
reeding. 

Resistance to yellow mosaic 
mildew in mung bean we 


Mutations, 

c) Breeding of crops with higher levels of 
temins and minerals oF higher protein an 
“althier fats is called biofortification. This is cs 
st practical aspect to improve the health of t : 

“ople. Plant breeding is undertaken for improve 


tations artificially 
adiations (like 
and using the 
cter as a source 
lled mutation 


virus and powdery 
re introduced by 
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nutritional quality of the plants with the objectives 


of improving : 

- protein content and quality 

- oil content and quality 

— vitamin content 

— micronutrient and mineral content. 
Maize hybrids that had twice the amount of the 
amino acids-lysine and tryptophan, compared to 
existing maize hybrids were developed in 2000. 
Wheat variety with high protein content Atlas 66 
has been used as a donor for improving cultivated 
wheat. 

62. The alternate source of protein for animal and 
human nutrition is single cell protein (SCP). 


63. The retention of the desired characteristics 
repeatedly in the future generations of the tomato 
crop can be done by micropropagation which is 
a type of vegetative propagation. This procedure 
helps in rapid multiplication of plant in a short 
period of time and in less space. 

64. Statements (b) and (d) are correct. 

65. Cellulase enzyme digests cellulose present 
in cell wall of plant cells. As animal cell does not 
possess cell wall hence cellulase enzyme is not 
used in case of animal cell. 

66. (a) Micropropagation is the tissue culture 
technique used for rapid vegetative multiplication 
of ornamental plants and fruit trees by using 
small explants. This method of tissue culture 
produces several plants. Each of these plants is 
genetically identical to the original plant from 
which they were grown. Hence, plants obtained 
by micropropagation constitute a somaclone. 

(b) Advantages of micropropagation are : (i) A 
large number of plantlets are obtained within a 
short period and in a small space. (ii) The rare 
plants and endangered species are multiplied by 
this method and such plants are saved. 


67. Healthy potato plants can be obtained from 
the desired potato variety which is virus infected 
by meristem culture. Cultivation of axillary 
or apical shoot meristems is called meristem 
culture. The apical and axillary meristems of 
the infected plant is virus free because rate of 
division of meristematic cells is higher than 
the rate at which virus multiplies hence virus 
cannot invade newly formed meristematic cell. 
Meristem is removed and grown in vitro to obtain 


healthy virus-free potato plants. 
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68. The method of producing thousand of plants 
through tissue culture is called micropropagation. 
Each of these plants will be genetically identical 
to the original plant from which they are grown, 
i.e., they are somaclones. Many important food 
plants like tomato, banana, apple, etc., have been 
produced on commercial scale using this method. 


69. Refer to answer 66 (a) and 68. 


70. Differences between somaclones and somatic 
hybrids are as follows: 


















Somaclones -| Somatic hybrids 


Somatic hybrids 
are produced by 
fusion of somatic 
cells of two 
different varieties 
Or species. 









Somaclones are 
plants that develop 
from any part 
of a plant by 
tissue culture or 
micropropagation. 
(ii) | Somaclones are 
genetically identical 
to the parent plant 
from which they are 
grown. 


Gii) [New genes cannot 
be introduced 
during somaclone 
formation. 
E.g. pomato 


of | (somatic hybrid 
orna-mental plants | between 



























Somatic hybrids 
are genetically 
different from 
parent plant. 



























New genes can 
be introduced 
such as male 
Sterility, herbicide 
resistance,etc., by 
genetic 
lation 









manipu- 

during 
formation of 
somatic hybrid 
plants. | 







Pure lines are not 
developed. 




























potato 
like lily, orchid,| and tomato). 
eucalyptus and fruits | Somatic hybrids 
trees like tomato,|are also obtained 


apple, banana. between rice and 


carrot. 
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71. (a) Two limitations of traditional breed, 


techniques that led to promotion of microp, 


gation are — limited production therefor il 
° filed to keep pace with the demand. , 
(ii) They were unable to provide sufficiently A 
and efficient system for crop improvement | 
(b) Two advantages of micropropagation are: 
(i) It helps in producing thousands of plans 
from a single plant in very short duration, | 
(ii) It is useful in the recovery of healthy 
from a virus infected plant. 
(c) Commercial production of ornamenta 
plants like lily, orchids, eucalyptus and fruits like | 
tomato, apple, banana etc. is commenced through 
micropropagation. Sterile plants or plants whig 
cannot maintain their characters by sexy 
reproduction can be multiplied by this method 


Oa. 


| 
Plant 


72. A virus-free sugarcane can be obtained fron 
infected sugarcane plant by meristem culture. 
Although, the plant is infected with a virus, 
yet the meristem is free of virus. It js because 
meristem is a localised group of actively dividing 
cells, hence virus cannot invade them. Meristem 
culture involves the use of explants like shoot tips 
and nodal segments. The explant or shoot tip is 
grown in a test tube under sterile conditions ona 
medium containing a cytokinin (generally BAP) 
The plantlets of sugarcane thus obtained at 
subjected to hardening and ultimately established | 


in the field. Thus, cane plants obtained are free o 
virus. 


| 
Property by which whol 
om any cell or explant” 
refer to answer 66 (b). | 
e . ® i f 
l by scientists in this j 
Ha d be any meristematic cel] or tissue viz. SAO | 
tip or nodal] Segment. | 
(b) Procedure followed by scientists to recov 
healthy plants is : | 
= R reparation of suitable nutrient medium” 
objective of culture, 
electi 
app of explants such as shoot tip. 
I _ sation of explants with disinfectants 
enu ation of the explant into nutrie? 
m 
edum under sterile condition. | 


73; Totipotency is the 
plant is regenerated fr 
in vitro condition. Also 


74. (a) Explant used 





cyategies for Enhancement in Food Production 


incubating the culture under a 


ies Ppropri 
hysical conditions i.e. propriate 


» artificial ]j 

hours of photoperiod), temperature (26. 
„nd relative humidity (50-60%) 
Regeneration of plants from cultured plant 
tissues. : 

Hardening of plantlets 

Transfor of regenerated plantlets to the 
greenhouse or field conditions. 

(o) Plant tissue culture (micropropagation) 

15. (a) Refer to answer 73. 

(p) In case of asexually reproducing crops like 
panana, virus infections spread rapidly. This is 
because the vegetative propagules from virus- 
infected plants ‘contain virus particles. But the 
shoot apical meristems and some young tissues 
surrounding them are often free from viruses. 
Meristem culture, therefore, is often useful in 
recovering virus-free plants from virus-infected 
plants or clones. 

The explants commonly used in meristem culture 
are shoot tips and nodal segments. These explants 
are cultured on a medium containing a cytokinin 
(generally BAP). The plantlets thus obtained are 
subjected to hardening and, ultimately, established 
in the field. 


76. (a) The technique that has helped scientists 
to propagate the desired crops in short duration is 
called tissue culture or micropropagation. 
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Plant tissue culture can be defined as the technique 
of maintaining and growing of plant cells, tissues 
and organs on a suitable culture medium in vitro 
under controlled environmental conditions. 

The basic technique of plant tissue culture involves 
the following steps : | 

(i) Preparation of suitable nutrient medium and 

storage into suitable containers. 


(ii) Selection of explants such as shoot tip and 
sterilisation by disinfectants. 


(iii) Inoculation (transfer) of the explants into 
the suitable nutrient medium under sterile 
conditions. 


(iv) Growing the culture in the growth chamber 
or plant tissue culture room, having the 
appropriate physical conditions i.e., artificial 
light (16 hours of photoperiod), temperature 
(-26°C) and relative humidity (50- 60%). 

(v) Regeneration of plants from cultured plant 
tissues and hardening. 

(vi) Transfer of plantlets to the greenhouse or 
field conditions following acclimatisation of 
regenerated plants. | 

(b) Isolated naked protoplasts from two different 

varieties of plants each having a desirable character 

can be fused to get hybrid protoplasts, which can 
be further grown to form new plant. These hybrids 
obtained are called somatic hybrids. 
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Maximum LA type questions were asked from 
Microbes in Sewage Treatment. - 


= QUICK RECAP 


i i isi it ; j.l» 
© Those organisms which are not visible with @ The microbes are almost omnipresent | | 






‘ i i ov 
naked eyes and viewed renner found every Where). They are found in ‘a 
~ e Š X j 
are called microorganisms or microbes. inside thermal vents (or inside geysers» R 
These include bacteria, protozoans, yeasts, acidic habitats etc.) Some remain viable " 


cooled upto — 190° 
viruses etc. p 190°C. 













ic „bes in Human Welfare 

6 Microbes are both useful and harmful for 
humans. They cause several diseases, can 
spoil food and used in many economical] 
roducts. Here, we are concerned mainly 
with beneficial effects of microbes. 


icROBES IN HOUSEHOLD PRODUCTS 


0 A variety of microbes or products obtained 
from them are used in our daily life. 


pairy Products 


Lactic acid bacteria convert lactose sugar of 
milk into lactic acid. 


Lactic acid causes coagulation of milk protein 
casein. Milk is changed into curd, yoghurt 
and cheese. 


Curd is prepared by inoculating cream and 
skimmed milk with Lactobacillus acidophilus 
at temperature of about < 40°C. 


Yoghurt is produced by curdling milk with 
the help of Streptococcus thermophilus and 
Lactobacillus bulgaricus. 


ô Butter milk is acidulated product which is 
formed by inoculating skimmed milk with 
starter culture of Streptococcus cremoris, S. 
lactis, Lactobacillus acidophilus, Leuconostoc 
species at 22°C for 18 hours. 


6 Cheese is the partially degraded concentrate 
of milk fat and casein manufactured 
by microorganisms. Swiss cheese is 
characterised by the characteristic flavour 
and large holes. The large holes are formed 
due to amount.of CO, released by a 
thermophilic bacteria (Propionibacterium 
sharmanii). Roquefort cheese is 
characterised by greenish blue mottling. 
It is ripened by Penicillium roquefortii. It is 
probably the best known cheese made from 
sheeps milk. Camembert cheese employs 
Penicillium camemberti for ripening. 


Dough for Making Food Items 


Q Numerous food items such as ‘dosa, 
idli, Salebi and ‘bread’ are prepared by 
fermentation process in which one or more 
kinds of microbes are used. 

The ‘dough which is used for making dosa 
and idli is allowed to ferment overnight for 
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10 to 12 hours. The bacteria, which come 
from atmosphere (particularly Leuconostoc 
mesenteroides, Streptococcus faecalis) cause 
fermentation so that the dough increases in 
volume and gets sour. Increase in the volume 
of dough is due to carbon dioxide gas (CO) 
that is released as a result of fermentation 


© Bread is made from flour obtained by 
grinding cereal grain usually wheat. Selected 
strains of Saccharomyces cerevisiae grown On 
molasses are used as bakers yeast. A small 
quantity of yeast is added to wheat flour and 
kneaded. The kneaded"flour is kept at warm 
temperature for a few hours. It swells up. The 
phenomenon is called leavening. 


Other Household Products 


@) Toddy, a traditional drink of South India 
is made by fermenting latex obtained from 
toddy palm and coconut water. It undergoes 
fermentation with the help of naturally 
occurring yeast. It is a refreshing drink which 
can be heated to produce palm sugar (Jaggery). 


@ Other foods like tempeh (Indonesia), tofu 
(Japanese) and sufu (Chinese) are fermented 
foods obtained from soyabean. 


@ Soy sauce is brown flavoured salty sauce 
fermented from soyabean and wheat. 


© Several types of sausages are prepared by 
fermentation and curing of fish and meat is 
also done with the help of microbes. 


MICROBES IN INDUSTRIAL PRODUCTS 


@ A variety of products in enormous amounts 
are produced by microbes such as — beverages 
(alcoholic and non alcoholic), antibiotics, 
organic acids, enzymes, vitamins, hormones, 
amino acids, vaccines and steroids. 


Alcoholic fermentation 


bb) Yeast species used in alcoholic fermentation 
are Saccharomyces cerevisiae, S. ellipsoideus, 
S. sake, etc. 


( Fermented nutrient medium used differs 
based on products. 


© The yeasts which are used in the brewing 
industry for the preparation of alcoholic 
drinks are collectively called brewer’s yeast. 
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© Different types of alcoholic beverages are 
Produced by using different brewer’s yeast. 


Products 
(Source) 

















Brewer’s yeast 


Beer (Grain) |Non distillation Saccharomyces 
cerevisiae and 
S. carisbergensis 


Non distillation| S$. ellipsoideus 











© Whisky, rum, gin, brandy, vodka and fenny 
are distilled beverages, so called hard liquors 
(Higher % of alcohol). 


© By products of alcoholic fermentation are 
CO, and ethanol. 


Antibiotics 


© Antibiotics are the chemical substances 
produced by microorganisms that in low 
concentration inhibits the growth or kill the 
pathogenic organisms without harming the 
host. The term “antibiotic (means against 
life) was coined by Waksman (1942). 


Alexander Fleming (1928) discovered 
first antibiotic penicillin from Penicillium 
notatum in 1928. 


It was commercially extracted by efforts of 
Chain and Florey. 


This antibiotic was extensively used in 
treating wounded American soldiers in 
world war II. 


Fleming, Chain and Florey were awarded 
with Nobel prize in 1945. 


Over 7000 antibiotics are known. 
Streptomyces griseus produces more than 
41 antibiotics while Bacillus subtilis can give 
about 60 antibiotics. 


O O 8 8 @ 


Antibiotics are obtained from 
eubacteria, fungi and actinomycetes. 


Antibiotics | Source | 


Chloramphenicol |S. venezuelae |Typhoid, 
whooping cough 
(Kali Khansi) 


hromycin |S. erythreus |Diphtheria 
samai acca (gal ghotu) 


Chloromycetin |S. lavendulae |Pneumonia 


oom wees occse con eeee 


Q 


lichens, 


Action 


© 
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S. griseus 





Antibiotics are medicines used for treat 
of a number of pathogenic or infecti 
diseases. 


Single Cell Protein 


Me 
Ny 


Single cell protein (SCP) is the prody tion 
microbial biomass for consumption as hum 
food or animal feed. The common sco. 
Spirulina, yeast and Fusarium graminearyy 


SCP is rich in high quality protein, by 
poor in fat. 


SCP is useful in reducing environment, 


pollution by managing industrial yy 
agricultural wastes. 


Chemicals, Enzymes and other Bioactiy 
Molecules 


© 


O O 9 @ 


Q 


A number of organic acids are manufacture 
with the help of microbes eg, aceti 
acid, citric acid, lactic acid, gluconic ait, 
cyclosporin A, statins. | 


Acetic acid is produced from ferment 


alcohol with the help of bacteria, Acetobaci 
aceti. 


Citric acid is obtained through the 
fermentation carried out by Aspergillus ng 
and Mucor species on sugary syrup. 


Gluconic acid is prepared by the activity ; 
Aspergillus niger and Penicillium species. 


Cyclosporin A is an important bioacti 
chemical. produced by the fun 
Trichoderma polysporum. It is used ” 
an immunosuppressive agent in org 
transplantation. 


Statins are produced by yeast Monts 
purpureus. It acts as competitive inhib 
of enzyme for cholesterol synthesis. 5% 
used as blood cholesterol lowering agent 


Enzymes are proteinaceous substi 
of biological Origin which are capi il 
catalysing biochemical reactions W 
themselves undergoing any change. 
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(D Pectinases are enzymes obtained 
commercially from Byssochlamys fulva 
Alongwith proteases they are used in clearing 
of fruit juices and also in retting of fibres and 
preparation of green coffee. 

Lipases are lipid dissolving enzymes that 
are obtained from Candida lipolytica and 
Geotrichum candidum, Lipases are added 
in detergents for removing oily stains from 


laundry and also used in flavouring cheese 


Streptokinase (Tissue Plasminogen 
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It has fibrinolytic effect, therefore it helps in 
clearing blood clots inside the blood vessels. 


© Yeast (Saccharomyces cerevisiae) is used tor 


commercial production of ethanol. 


MICROBES IN SEWAGE TREATMENT 


© Sewage or municipal waste contains human 


excreta and other organic wastes. It also 
contains a number of pathogenic microbes, so 
should not be passed into rivers, streams and 
other water bodies. Itgis made less polluting 


Activator or TPA) isan enzyme obtained from 
the cultures of some haemolytic stre 


Stages of Sewage Treatment 


Primary or physical treatment 


by passing it through sewage treatment 


ptococci. plants (STPs). 


It removes floating and suspended solids from sewage through filtration and sedimentation. 
First, floating matter is removed through sequential filtration with small pore filter progressively. 
The filtrate is then kept in large open settling tanks where grit (sand, silt, small pebbles) settles 
down. 

The sediment is called primary sludge while the supernatant is called effluent. The primary 
sludge traps a lot of microbes and debris. It is subjected to composting or land fill where anaerobic 
digestion removes the organic matter. 


Secondary or biological treatment 



















There are several methods of secondary treatment, e.g., oxidation tanks, trickling filter and 
activated sludge system. 

In activated sludge system, the primary effluent is taken to aeration tanks. A large number of 
aerobic heterotrophic microbes grow in the aeration tank. They torm flocs. 

Flocs are masses of bacteria held together by slime and fungal filaments to form mesh like 
structures. The microbes digest a lot of organic matter, converting it into microbial biomass and 
releasing alot of minerals. Due to this BOD of the waste matter is reduced to 10-15% of raw 
sewage. 

Now the effluent is passed through a sedimentation tank where microbial flocs are allowed to 
settle down. The settled material is called activated sludge. 

The effluent or supernatant is generally passed into natural water (rivers, streams etc) or treated with 
chemical for further purification. A part of activated sludge is used as inoculum in aeration tank. The 
remaining is passed into a large tank called anaerobic sludge digester. 

Here aerobic microbes (if present in the sludge) get killed. Anaerobic microbes digest the organic 
matter as well as aerobic microbes into soluble and gaseous products (CH, CO,, HS etc.), 


MICROBES IN PRODUCTION OF BIOGAS 


© Biogas is a methane rich fuel gas produced by 
anaerobic breakdown or digestion of biomass 
with the help of methanogenic bacteria. 


© It is an ideal gas made up of 50 - 70% 
methane (CH,), 30 - 40% CO,, 1 - 5% H,, 
traces of O, and N, and H,S. 


© The most important microbes involved in 
production of biogas are - methanogenic 
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archaebacteria and Bacillus etc. The energy 
released from biogas depends upon the 
Proportion of methane present in it. 


© Biogas is commercially produced inside the 
biogas plants. Each biogas plant consists of 
a deep (10 - 15 ft) concrete tank covered by 
floating lid. It is fed with a mixture of dung 
(commonly called gobar) and water (1: 1). 


Storage 
Cellulose Hemicellulose polysaccharide Fats Proteins 







SOLUBILISATION Decomposer 





Microbes 
ACIDOGENESIS Fermentative 

Microbes 
METHANOGENESIS Methanogens 


[ Biogas (CH4, CO>, Hz, Nz, H35) | 


Fig.: Stages in biogas formation 

© Cattle dung is a rich source of cellulosic 
material from plants. After filling the slurry 
of the dung, the biogas tank iĝcovered bya 
floating lid which keeps on raising as the gas 
is produced from the slurry. The microbial 
activity in the slurry of dung results in the 
release of biogas. 


© Biogas is allowed to pass through an outlet 
pipe which is connected with the supply 
line. The leftover slurry is removed through 
another outlet, that can be used as fertiliser. 


© Biogas is-used as fuel for heating, cooking 
and lighting. It is considered ecofriendly 
and pollution free source of energy. 


MICROBES AS BIOCONTROL AGENTS 


© Biocontrol agents refer to the use of biological 
methods for controlling plant diseases and 
pests. 


© Biopesticides are pesticides derived from 
natural or biological agents like animals, 
plants, bacteria, viruses, fungi etc. to destroy 
or control weeds, insects and pathogens. 


© According to the nature of organism - 
biopesticides are of different types as 


© 


CEZA CBSE Champion Biology Clas, i 


microbial pesticides, plant pesticides " 
biochemical pesticides. 


; ‘cides consist 
Microbial pesticides of : 


g., a bacter; 
microorganism (e £ terium 


; zoan) as th x 
fungus, virus, OI prous ) © active 


ingredient. The most widely used microbig| 
pesticides are subspecies and straing of 


Bacillus thuringiensis (Bt). 


Biochemical pesticides are natural 
occurring substances that control peg, 
by nontoxic mechanisms. For example 
Lady bird:beetle (beetle with red and blag 
markings) feeds on aphids while dragonflies 


prey upon mosquitoes. Free living fungu 


Prichoderma exerts biocontrol over sever] 
plant pathogens. 


Baculoviruses are pathogens that — 


attack insects and other arthropods 
The majority of baculoviruses used aş 


biological control agents are of the genus 
Nucleopolyhedrovirus. These viruses are 


excellent candidates for species-specific, 
narrow spectrum insecticidal applications. 
They have been shown to have no negative 
impacts on plants, mammals, birds, fish or 
even on non-target insects. This is especially 
desirable when beneficial insects are being 
conserved to aid in an overall integrated 
pest management (IPM) programme, of 


when an ecologically sensitive area is being 
treated. 


MICROBES AS BIOFERTILISERS 


© Biofertilisers are widely used in organic 


farming. Organic farming is the technique 
of raising crops through the use of manures 
fertilisers and pesticides of biological 
origin, 


intercropping etc. 


resistant varieties, crop rotation | 


Biofertilisers are organisms which brins | 


about nutrient enrichment of the soil d 
enhancing the availability of nutrients iX 
nit 

togen and phosphorus to the crops. 


Biofertilisers increa 
15-35%. 
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Micr 
Types of Biofertilisers 
Nitrogen fixing bacteria itrogen fixi nobacteri 


free-living nitrogen fixing It is a mutually beneficial or 

bacteria symbiotic association of a 
Free-living nitrogen fixing fungus with the roots ofa higher 
bacteria live freely in the plant. The most common 
soil and perform nitrogen fungal partners of mycorrhiza 
fixation. Some he them are Glomus species. 
are saprotrophic living 
on organic dead remains 
eg, Azotobacter, Bacillus, 
Clostridum, Beijerinckia etc. 











































Free-living 





nitrogen 
cyanobacteria 
A number of free-living 
cyanobacteria or blue-green 
algae have the property of 
nitrogen fixation, e.g., Anabaena, 
Nostoc, Aulosira, Totypothrix, 
Cylindrospermum,  Stigonema. 
Aulosira fertilissima is considered 
to be the most active nitrogen 
fixer of rice fields in India (Aiyer 
et al, 1972). Cylindrospermum 
licheniforme grows in sugarcane 
and maize fields. 
Cyanobacteria are extremely low 
cost biofertilisers. 








Ectomycorrhiza 
In ectomycorrhiza the fungal 
mycelium completely encloses 
the feeder rootlets forming 
sheath or mantle. 

The mantle of fungal hyphae 
increases the absorptive 
surface of roots and hence 
serve better intake of nutrients 
such as nitrogen, phosphorus, 
calcium and potassium from 
the surrounding soil. Eg. 
Pinus, Quercus, Betula, Alnus, 
Salix, Populus etc. 


Symbiotic nitrogen fixing 
bacteria 
Symbiotic nitrogen fixing 
bacteria form a mutually 
beneficial association with 

the plants. 

The most important of the 
symbiotic nitrogen fixing 
bacteria is Rhizobium. It 
forms nodules on the roots of 
legume plants. There are about 
a dozen species of Rhizobium 
which form association with 
different legume roots, e.g; R. 
leguminosarum, R. lupini, R. 
trifolii, R. meliloti, R. phaseoli. 
















Symbiotic . nitrogen fixing 
cyanobacteria 
Nitrogen fixing cyanobacteria 
(blue-green algae) form symbiotic 
association with several plants, e.g., 
cycad roots, lichens, liverworts, 
Azolla (fern). Azolla-Anabaena 
association is of great importance 
to agriculture. Anabaena azollae 
resides in the leaf cavities of the fern 


Azolla where it fixes nitrogen. 






Endomycorrhiza 
In endomycorrhiza fungus does 
not form an external sheath of 
mantle. The fungus mostly 
lives in the intercellular spaces 
as well as intracellularly in the 
cortical cells of roots. Only a 
small portion of fungus lives 
outside the root. Such type 
of mycorrhizal association 
occurs in the roots of grasses, 
cereals, legumes, rubber, tea, 
tobacco, soybean, citrus and in 
many orchids (Neottia, Vanilla, 
Galeola, Epipogon, etc.). 

One of the important type of 
endomycorrhizae is vesicular- 
arbuscular mycorrhizae (VAM), 


















Loose association of nitrogen fixing bacteria 


Certain nitrogen fixing bacteria like Azospirillum live around 
the roots of higher plants without developing any intimate 
relationship. It is often called rhizosphere association. The 
bacteria obtain some plant exudate and use the same as part of 
their food requirement. The bacteria fix nitrogen and exude a 
part of the fixed nitrogen for use by the plant. The phenomenon 
is termed as associative mutualism or associative symbiosis. 
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Products 


SYN (1 mark) tome 


————— 





Why do we add an inoculum of curd to milk 
for curdling it? (AI 2015C) 


How is lactic acid bacteria beneficial to us 
other than helping in curdling the milk? 
(AI 2015C) 


Name the nutrient that gets enhanced while 


curdling of milk by Lactobacillus. 
(Delhi 2013C) 


Name the gas released and the process 
responsible for puffing up of the bread dough 


when Saccharomyces cerevisiae is added to it. 
(AI 2013C) 


Name the metabolic pathway associated with 
the rising of dough in making bread. What 
makes the dough rise? (Delhi.2012C) 


Milk starts to coagulate when lactic acid 
bacteria (LAB) is added to warm milk as a 
starter. Mention any other two benefits LAB 
provides. (AI 2009) 


fj (2marks) à 


Name the bacterium responsible for the large 
holes seen in “Swiss Cheese”. What are these 
holes due to? (AI 2013) 


Mention the importance of lactic acid 
bacteria to humans other than setting milk 
into curd. (Delhi 2012) 


During the production of curd, a small 
amount of curd is added as a starter to the 
fresh milk at a suitable temperature. Explain 
the changes the milk undergoes when it sets 


into curd. (Delhi 2011C) 
Why is a little curd added to milk to set it 
into curd? Explain. (AI 2011C) 


How does addition of a small amount of 
curd to fresh milk help formation of curd? 
Mention a nutritional quality that gets added 
to the curd. (Delhi 2010) 


Previous Years’ CBSE 
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BMT (3 marks) 


Explain the change fresh milk at 
when a small amount of curd as an 
added to it and kept at suitable tempera, 

(Delhi 20y 
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14. 


15. 
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17. 


18. 


19. 


20. 
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A (2 marks) o oo 


Namerthe enzyme produced by Streptocon, 
and its action (after being modified). 


(AI 20130 
Write the scientific name of the micr 
used for fermenting malted cereals and fr 
juices. (Delhi 201) 
Which one of the following is the bak 
yeast used in fermentation? | 
Saccharum barberi, Saccharomyces cerevisiv, 
Sonalika. (AI 200) 





Name the microbes that help production 
the following products commercially: 


| 
| 
(a) Statin (b) Citric acid 


(c) Penicillin (d) Butyricacid | 
(A1201 


Mention a product of human wellat 
obtained with the help of each one of 
following microbes : | 
(a) LAB 

(b) Saccharomyces cerevisiae 

(c) Propionibacterium sharmanii 
(d) Aspergillus niger (De 
Bottled fruit juices are clearer as compart 
those made at home. Explain. (Forelg"”” 


(è 
Name the source of streptokinase. How y 


this bioreactor molecule function f |; 
body? (Delhi ”” 





phi 20! 


e y 
Name the source of cyclosporin-A W 


does this bioactive molecule functio” j! 
body? (A1 
(t 


( j| 
Name the enzyme produced by Strep we 
bacterium. Explain its importance in ma 
sciences. (al? | 


| 
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robes in Human Welfare 


Why are some molecules called bioactive 
molecules? Give two examples of such 
molecules. (AI 2011) 
Give the scientific name of the microbes 
from which cyclosporin A and statin are 
obtained. Write one medical use of each one 
of these drugs. (Foreign 2011] ) 


Identify A, B, C and D in the table given below: 
Biological 

















Micro- 
organism 














Procedure 
Trichoderma c 
polysporum 
(AI 2009C) 
Name the GM bacterium whose product is 


Prod Medical 
roduct i 
ii Activity Ailment/ 
A Strep- |Clot- 
tokinase |buster 
| Transplant 
surgery 
used as clot buster. Name the product specify 
its use in medical science. 
(Delhi 2010C) 
(3 marks) 
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State the medicinal value and the bioactive 
molecules produced by Streptococcus, 
Monascus and Trichoderma, (AI 2015) 
Identify a, b, c, d, e and f in the table given 
below: 







































Scientific Use in 
Product 
name of the human 
produced If 
organism welfare 
Streptokinase 
Streptococcus | that was later 
modified 





aa Cyclosporin A C 


a pa 
sets milk 


DUTDPUTEUS 
Lactobacillus into curd 
(Foreign 2014) 


(a) Why are the fruit juices bought from 
market clearer as compared to those made at 
home? 

(b) Name the bioactive molecules produced 


by Trichoderma polysporum and Monascus 
purpureus. (Delhi 2013) 





29. 


30. 


31. 


32. 


33. 
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Write the source and applications of 
cyclosporin A, streptokinase and statin. 

(Delhi 2012C) 
Mention the importance of microbes 
Streptococcus, Trichoderma and Monascus in 
medical sciences. (AI 2011C) 


Identify a, b,c, d, eand fin the table given below: 
Organism NAGAS Use 
molecule 


I A 


purpureus 
Antibiotic 


(ii) 
(Delhi 2010) 


Mention the product and its use produced by 
each of the microbes listed below : 
(a) Streptococcus (b) Lactobacillus 

















(c) Saccharomyces cerevisiae (AI 2010) 
What are the properties of an antibiotic? 
(AI 2010C) 


10.3 Microbes in Sewage Treatment 





34. 


35. 


36. 





37. 


38. 


39. 


(1 mark) 
Why is sewage water treated until the BOD is 
reduced ? Give a reason. (Delhi 2010C) 


BOD of two samples of water A and B were 
120 mg/L and 400 mg/L respectively. Which 
sample is more polluted? (Foreign 2009) 


Given below are a few impurities in urban 
waste water. Select two colloidal impurities: 





ammonia, faecal matter, silt, bacteria, 
calcium. (AI 2009C) 
did (2 marks) 


ae mae 0 cree nn nt ee ee 2 amema a 


List the events that reduce the Biological 
Oxygen Demand (BOD) of a primary 
effluent during sewage treatment. 
(Delhi 2016) 
Distinguish between the roles of flocs 
and anaerobic sludge digesters in sewage 
treatments. (Delhi 2016) 
Explain the different steps involved during 
primary treatment phase of sewage. 
(AI 2015) 
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40.4 Microbes " Pr N y 
40. Explain the process of secondary treatment ° 


given to the primary effluent up to the point Biogas 


it shows significant change in the level of P 
biological oxygen demand (BOD) in it. nVSA\ (1 mark) 


2015) , ip of organisms and , 
(Al ch 52. Name the Brau in areng tie, th. 

41. Name two groups of organisms se substrate they act on to p a S, 
constitute ‘flocs. Write their influence on the (Delhi 205 


level on BOD during biological treatment of 


sewage. (AI 2014C) ESAIT (2 marks) 


. i sad to biogas produe 
42. Explain the role of flocs in sewage treatment. 53. List the events that lead t gas p Od Uctig, 
(Al 2012C) ste Water whose BOD has been 


from wa Dehi 
43. During the secondary treatment of the reduced significantly: (Delhi 2019 
aa a a g ge apn 54. How do methanogens help in produc 
ase in 


biogas? (Delhi 20) ) 


EZA (3 marks) WWI (3 marks) 


44. Describe how do ‘flocs’ and ‘activated sludge 


: 2017 _ What are methanogens? How do they helpt 
help in sewage treatment. (Delhi 2017) 55 h 


senerate biogas? (Al 2015) | 
45. Secondary treatment of the sewage is also 5 | 


called biological treatment. Justify this 56. How can sewage be used to generate biogas 


statement and explain the process. (AI 2017) Explain. (Foreign 2015) 
46. Name the two different categories of 57.) (a) What are methanogens? 

microbes naturally occurring in sewage (b) Name the animals in which methanogens | 

water. Explain their role in cleaning sewage occur and the role they play there. 

water into usable water. (Delhi 2012) (Delhi 2014) | 


47. Explain the different stepsħinvolved in ` sg 
sewage treatment before it can be released 
into natural water Bodies. (Forèign 2011) 





| 

“Š | 
Gas | 
| 


48. (a) How is activated sludge formed during 
sewage treatment? 
(b) This sludge can be used as an inoculum 
or as a source of biogas, Explain. 
(Delhi 2011C, AI 2009) 


49. How are flocs produced in the secondary Digester 
treatment plant of the sewage? Explain their | 
role. (AI 2009C) The diagram above is that of a typica! 
(5 marks) biogas plant. Explain the sequence of events 
AE O occurring in a biogas plant. Identify a, b andc 
50. (a) Explain the process of sewage water (Delhi 2014) 


treatment before it can be discharged into 39, 
natural water bodies. 
(b) Why is this treatment essential? 
(AI 2014) f 
51. (a) Name the category of microbes 10.5 Microbes as Biocontrol Agents 


occurring naturally in sewage and making it 
less polluted during the treatment. G mark) 


(b) Explain the different steps involved i 60. What o 
the secondary treatment of biaia ea in desirable bis the Nucleopolyhedrovit™ ° 


logi j 
(Foreign 2014) mca St 4720120 


Describe how biogas T generated from 


activated Sludge. List the components 0 
biogas. (Al 7013) 


yicrobes in Human Welfare 


a 2 marks 
a 


gj. Name a genus of baculovirus, Why are they 
considered good biocontrol agents? 
(AI 2016) 


f the genus 
ecological 
(AI 2014) 


62. Explain the significant role o 
Nucleopolyhedrovirus in an 
sensitive area. 


63. (a) Organic farmers prefer biological 
control of diseases and pests to the use of 
chemicals for the same purpose. Justify. 


(b) Give an example of a bacterium, 
a fungus and an insect that are used as 
biocontrol agents. (2018) 


64. Given below is a list of six microorganisms. 
State their usefulness to humans. 
(a) Nucleopolyhedrovirus 
(b) Saccharomyces cerevisiae 
(c) Monascus purpureus 
(d) Trichoderma polysporum 
(e) Penicillium notatum 
(f) Propionibacterium sharmanii 
(Delhi 2016) 
65. (a) How do organic farmers control pests? 
Give two examples. 
(b) State the difference in their approach 
from that of conventional pest control 
methods. (AI 2016) 


66. How are baculoviruses. and Bacillus 
thuringiensis used as bio-control agents? 
Why are they preferred over readily available 
chemical pesticides? (AI 2014C) 


Name the genus to which baculoviruses 
belong. Describe their role in the integrated 
pest management programmes. (AI 2011 ) 


67, 


10.6 Microbes as Biofertilisers 


(mark) 


88, State one reason for adding blue-green algae 


to the agricultural soil. (AI 2014C, AI 2011C) 


Mention the role of cyanobacteria as a 
iofertiliser, (AI 2012) 


Name any one symbiont which serves as a 
biofertiliser. Mention its specific role. 
(AI 2010C) 
Which of the following is a free living 
acteria that can fix nitrogen in the soil? 


69, 


10, 


71, 





Thi 


Zd 
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erhi irillum, Sonalika 
Spirulina, Azospirillum (Delhi 2009) 


Which of the following is cynobacterium 
that can fix atmospheric nitrogen? 


Azospirillum, Oscillatoria, Spirulina 
(AI 2009) 


How is presence of cyanobacteria in the 
paddy field beneficial to rice crop? 
(Delhi 2009C) 


Sl 4 (2 marks) 





(a) 
(b) 


75. 


76. 


TT 


Your advice is sought to improve the nitrogen 

content of the soil to be used for cultivation 

of a non-leguminous terrestrial crop. 

Recommend two microbes that can enrich 
the soil with nitrogen. 

Why do leguminous crops not require such 
enrichment of the soil? (2018) 


How does the application of the fungal genus, 
Glomus, to the agricultural farm increase the 
farm output? (Delhi 2017) 
Why is Rhizobium categorised as a ‘symbiotic 
bacterium’? How does it act as a biofertiliser? 
| (Delhi 2012) 
How do mycorrhizae act as biofertilisers? 
Explain. Name a genus of fungi that forms a 
mycorrhizal association with plants. 
(Delhi 2012) 


. What is mycorrhiza? How does it help as 


biofertiliser? (Delhi 2010C) 





INIL (3 marks) 


80. 


a U 


. Choose any three microbes, from the 


following which are suited for organic 
farming which is in great demand these days 
for various reasons. Mention one application 
of each one chosen. 

Mycorrhiza; Monascus; Anabaena; Rhizobj um; 
Methanobacterium; Trichoderma. 


(Delhi 2015) 
(a) Why do farmers prefer biofertilisers to 
chemical fertilisers these days? Explain, 
(b) How do Anabaena 


| k and mycorrhiza act 
as biofertilisers? 


(Delhi 20] 1) 


(5 marks) 


81. 


What are biofertilisers? De 
in agriculture, Why are 
chemical fertilisers? 


scribe their role 
they preferred to 
(Foreign 2015) 
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= -e —- 





Detailed 


ER AA ee E 
anaana a S I EEE 
WR a 
OP AM NN bth 
onnaa. aaen a 
OLR. DARREL a a hige> sabi 
5 Oe ar o DS a S A 


1. ‘The Starter or inoculum used in preparation 
of milk products actually contains millions of lactic 
acid bacteria. Curd is prepared by inoculating 
cream and skimmed milk with Lactobacillus 
acidophilus at a temperature of about 40° C or less. 
Lactobacillus converts lactose sugar of milk into 
lactic acid which causes coagulation and partial 
digestion of milk protein casein, and milk gets 
changed into curd. 

2. Lactic acid bacteria is beneficial to us in the 
following ways other than helping in curdling of 
milk: 

(i) Increases nutritional quality of curd by 
increasing vitamin B,, content. 

(ii) Checks the growth of disease-causing 
microbes in the gut. 

3. The curdling of milk by Lactobacillus 
changed milk into curd and its nutritional quality 
is enhanced due to increase in vitamin B), content. 
4. When Saccharomyces cerevisiae (bakers 
yeast) is added to dough it causes its fermentation 
and releases CO, gas which is responsible for 
puffed up appearance of dough. 

5. Refer to answer 4. 

6. Refer to answer 2. 

7. Bacterium responsible for large holes in Swiss 
cheese is Propionibacterium sharmanii. Large holes 
in Swiss cheese are due to CO, gas produced by 
these bacteria. 

8.  Refertoanswer 2. 

9, For the production of curd, a small amount of 
curd is added to fresh milk at suitable temperature. 
Curd contains millions of lactic acid bacteria 
(LAB). These bacteria grow in milk and convert 
the lactose sugar of milk in lactic acid. Lactic 
acid coagulates and partially digests milk protein 
casein, This causes curdling of milk and it changes 
to curd, which also improves its nutritional quality 


by increasing vitamin B,, content. 
10. Refer to answer ?. 


11. Refer to answer 9, 
12. Refer to answer 9. 
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ian 


ns 


ee 


ase (Tissue Plasminogen Activat, 
nzyme obtained from cultures f 


some haemolytic bacterium Steptococcus Which 

is modified genetically to function as clot bug, 

It has fibrinolytic effect hence, it helps in clearing 

blood clots inside the blood vessels throug, 

dissolution of intravascular fibrin. 

14. Yeast or Saccharomyces cerevisiae is used fy 

fermenting malted cereals and fruit juices, 

15. Saccharomyces cerevisiae is the baker’s yeay 

used in fermentation. 

16. (a) Statin - Monascus purpureus 

(b) Citric acid - Aspergillus niger, Mucor, Candida 

lipolytica 

(c) Penicillin - Penicillium chrysogenum, P 

notatum 

(d) Butyric acid - Clostridium acetobutylicum 

17. (a) LAB (Lactic acid bacteria)- Curd 
(b) Saccharomyces cerevisiae - Bread 


13. Streptokin 
or TPA) is an € 


(c) Propionibacterium - Swiss 
cheese 
sharmanit 

(d) Aspergillus niger - Citric acid 


18. The fruit juices sold in market or botted 
juices are treated with pectinases and proteases 
which makes them clearer than those made 4t 
home. 

19. Refer to answer 13. 

20. Cyclosporin A is -an 3 eleven membered 
cyclic oligopeptide obtained through fermentivt 
activity of fungus Trichoderma polysporu™ 
It has antifungal, anti-inflammatory % 
immunosuppressive _ proper-ties. It inhibit 
activation of T cells and therefore prevents rejectior 
reactions in organ transplantation. 


21. Refer to answer 13. 


22. Bioactive compounds are those compouré 
that have an effect on living organisms tissu 
or cells. Bioactive compounds are found in bo 
plant and animal products or can be synthetic? 
produced. Two examples of bioactive compo 
are cyclosporin A and statins. 


ylicrobes in Human Welfare 


3. Cyclosporin A is obt 
frichoderma polysporum Whereas statin 
obtained from yeast Monascus purpureus 
A has ; 

cyclosporin di Immunosu 
roperties. It inhibits Activation of T calls oe 
therefore prevents rejection of transplants. Statin 
inhibits cholesterol synthesis and ic therefore used 
in lowering blood cholesterol. 
34. A - Streptococcus 

B - Clears blood clots insid 

C - Cyclosporin A 

D - Immunosuppressive 
15. Refer to answer 13. 
26. Refer to answers 13 and 23. 


27, a- Helps in clearing blood clots inside the 
blood vessels through dissolution of intravascular 
fibrin. 

b- Trichoderma polysporum 

c- Antifungal, anti-inflammatory and immuno- 
suppressive prevents rejection reactions i 


ained from fungus 


is 


e blood vessels 


n organ 
transplantation. 
d - Statins 
e - Help in lowering blood cholesterol level 
t - Lactic acid 


28. (a) Refer to answer 18. 

(b) Refer to answer 23. 

29. Refer to answers 13 and 23. 

30. Refer to answers 13 and 23. 

3l. a - Statins 

d - Used in lowering blood cholesterol 

- Penicilliummnotatum 

Penicillin 

- Trichoderma polysporum 

- Prevents rejection reactions in organ 
transplantation 


=» oO Cc. e> 
' 


32. (a) Refer to answer 13. 

b) Refer to answer 3. 

(c) Saccharomyces cerevisiae used for bread- 
making and commonly called brewer's yeast, 
S Used for fermenting malted cereals and fruit 
Juices, to Produce ethanol. 


33, Antibiotics are chemical substances pr oduced 
7 Some Microbes which in small concen ke oa 
an Kill or retard the growth of harmful eT 
It out adversely affecting the host. ew 
Pectrum antibiotic can kill or destroy a number 
H Pathogens that belong to different ara 
b different structures and wall cca aaah 
P “cific antibiotics are effective only again 


§ 





microbes digest the organic mass as well 
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one type of pathogen. Good antibiotics should 
be harmless to host with no side effects. They 
should be harmless to beneficial microorganism 
of alimentary canal and should be effective against 


all strains of pathogen. They should also be quick 
in action. 


34. Sewage water is highly polluted and contains 
high amount of organic waste hence biochemical 
oxygen demand (BOD) of sewage water is high. 
Sewage is treated in sewage.treatment plants 
to remove polluntants with the reduction in 
pollution BOD of the water decreases, Hence BOD 
is the indicator of decrease of pollutants present in 
sewage. Sewage water is therefore treated till the 
BOD is reduced to minimal value which ensures 
that water is free of organic pollutants. 


35. Water body having high BOD is more 
polluted as compared to water body having low 
BOD. Hence water sample having BOD 400 mg/L 
is more polluted as compared to water sample 
having BOD, 120 mg/L. 


36. Two colloidal impurities in urban waste 
water are faecal matter and bacteria. 


37. Secondary treatment or biological treatment 
of sewage considerably reduces the biological 
oxygen demand (BOD) of primary effluent during 
sewage treatment. The organic matter presentinthe 
effluent is decomposed with the help of microbial 
flora called as sewage fungus. The effluent is 
constantly agitated or aerated. This causes the 
growth of various aerobic microorganisms and 
sewage fungi. These microbes digest the organic 
matter thereby reducing the BOD of original 
sewage by 10-15%, 

38. Flocs are masses of aerobic bacteria held 
together by slime and fungal filaments to form 
mesh like structures. These microbes digest a 
lot of organic matter converting it into microbial 
biomass and releasing a lot of minerals. This 
reduces biochemical oxygen demand or BOD. 

In anaerobic sludge digesters, aerobic microbes 
present in the sludge get killed. Anaerobic 


as 


aerobic microbes of the sludge. During this 
digestion, bacteria produce a mixture of gases 
such as methane, hydrogen sulphide and carbon 
dioxide. These gases form biogas which can be 
used as source of energy as it is inflammable, The 
spent sludge of anaerobic sludge digester can be 
used as manure or part of compost. 
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39. Primary treatment phase of sewage treatment 
removes floating and suspended solids from 
Sewage through two processes of filtration and 
sedimentation. First floating matter is removed 
through sequential filtration. The filtrate is kept in 
large open settling tanks where grit settles down. 
Aluminium or iron sulphate is added in certain 
places to flocculation and settling down of solids. 
The sediment is called primary sludge while the 
supernatant is called effluent. The primary sludge 
traps a lot of microbes and debris. It is subjected to 
composting or land fill where anaerobic digestion 
removes the organic matter. . 


40. During secondary treatment, the primary 
effluent is taken to aeration tanks. A large number 
of aerobic heterotrophic microbes grow in the 
aeration tank. They form flocs which are masses 
of bacteria held together by slime and fungal 
filaments to form mesh like structures. The 
microbes digest a lot of organic matter, converting 
it into microbial biomass and releasing a lot of 
minerals. As a result the BOD of the waste matter 
is reduced to 10-15% of raw sewage, it is passed 
into settling tank. 


41. Aerobic bacteria and fungi constitute ‘flocs. 
Also refer to answer 38. 


42. Refer to answer 38. 
43. Refer to answer 40. 


44. After the primary sewage treatment, primary 
effluent is taken for secondary or biological 
treatment into aeration tanks. A large number 
of aerobic heterotrophic microbes grow in the 
aeration tank. They form flocs which are masses 
of bacteria held together by slime and fungal 
filaments to form mesh-like structures. The 
microbes in flocs digest a lot of organic matter, 
converting it into microbial biomass and releasing 
lot of minerals. This decrease the Biochemical 
Oxygen Demand of effluent. Now, the effluent is 
passed into settling tank where the bacterial flocs 
are allowed to sediment. The sediment of settling 
tank is called activated sludge. A part of it is 
further used as inoculum in aeration tank to start 
a new batch of secondary sewage treatment and 
the remaining is passed into a large tank called 
anaerobic sludge digesters. Here, the aerobic 
microbes get killed but the anaerobic microbes 
produce marsh gas (biogas) which is used as a 
source of energy. 
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45. Secondary treatment of the sewage is also 
called biological treatment because microbes are 
used to digest the organic matter in the sewage 
water. The steps involved in the process are : 

(i) Primary effluent is passed into aeration 
tank where liquid is constantly agitated and air jg 
pumped into it. 

(ii) Large number of aerobic heterotrophic 
microbes grow in aeration tank and form flocs, 
(iii) Microbes digest organic matter, convert it 
into microbial biomass and. reduce BOD. 

(iv) In settling tank, the bacterial flocs are allowed 
to undergo sedimentation. The effluent is passed 
into natural waters dike rivers and streams. It can 
also be further treated with chemicals to purify it. 
(v) The sediment is called activated sludge. A 
part of this sludge is passed into anaerobic sludge 
digester where anaerobic microbes digest the 
organic mass as well as anaerobic microbes. 

(vi) During digestion, microbes produce methane, 
H,S.and CO). These gases form biogas that can be 
used as source of energy. 


46. Aerobic heterotrophs like bacteria and 
fungi occur in sewage water. They are natural 
decomposers and digest a lot of organic matter 
present in the polluted water thereby releasing 
minerals and reducing organic waste. Hence, 
they play an important role in cleaning water and 
making it fit for various domestic uses. 


47. Sewage water can be purified by passing it 
through sewage treatment plants with the action 
of microorganisms. A sewage treatment plant 
separates solids from liquids by physical processes 
and purifies the liquid by biological processes. 
There are three stages of this treatment; primary, 
secondary and tertiary. Primary treatment 
is physical, secondary biological and tertiary 
chemical. 

Primary treatment phase of sewage treatment 
removes floating and suspended solids from 
sewage through two processes of filtration and 
sedimentation. First floating matter is remove 
through sequential filtration. The filtrate is kept in 
large open settling tanks where grit settles down. 
Aluminium or iron sulphate is added in certain 
places to flocculation and settling down of solids. 
The sediment is called primary sludge while the 
supernatant is called effluent. The primary sludgé 
traps a lot of microbes and debris. It is subjected t0 
composting or land fill where anaerobic digestio" 
removes the organic matter. 


yy 


puring secondary treatment, the primary efflu 

< taken to aeration tanks. A large aeo 
j robic heterotrophic microbes grow in n 

on tank. They form flocs are masses f 
pacteria held together by slime and fun al 
;Jaments to form mesh like structures r 
ai crobes digest a lot of organic matter, coaettin 

it into microbial biomass and releasing a lot of 
minerals. As a result the BOD of the waste matter 
reduced to 10-15% of raw sewage, it is passed 
into settling tank. In settling tank, the bacterial 
flocs are allowed to undergo sedimentation. The 
efluent or spernatant is generally passed into 
natural water bodies and sediment of settling tank 
s called activated sludge. 

48. (a) Refer to answer 47. 

b) A small part of the activated sludge is 
back into the aeration tank to serve as 


ulum. The remaining major part of the 
s called 


pumped 
the inoc 
activated sludge is pumped into large tank 


anaerobic sludge digesters. The anaerobic bacteria 
digest the bacteria and fungi in a sludge and 
produce mixture of gases like methane, hydrogen 
sulphide and CO3 which constitute biogas. 


49. Refer to answer 40. 


50. (a) Refer to answer 47. 
(b) This treatment prevents water pollution and 


water borne diseases. SO; it is essential in order 
to protect the natural water bodies from sewage 


pollution. 
51. (a) Refer to answer 46. 
(b) Refer to answer 45. 
methanogens are 


52. Methanogenic bacteria OF 7 
the group of anaerobic microbes which digest 
organic mass as well as aerobic microbes of the 


sludge to produce a mixture of gases containing 
methane, HS and CO2 called biogas. 
53. Refer to answers 47 and 48 (b). 
54. Refer to answer 52. 
55. Methano a £ 

gens are 
bacteria which obtain their energy by ery 
Carbondioxide and oxidising byeen i if 
Production of methane. They * e foun squat 
deficient environment such a : vn 
sludge and digestive systems of rumın 


iC 
roup of anaerobi 
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like cow, buffalo etc. These microorganims are 
present in anaerobic sludge digester where they 
digest organic mass as well as aerobic microbes of 
the sludge to produce mixture of gases containing 
methane, H,S and CO, called biogas. 


56. Refer to answers 47 and 48 (b). 


57. (a) Refer to answer 52. , 
(b) Methanogens are present in the rumen (a 
part of stomach of cattle) such as cow, buffalo. 
In rumen, these bacteria help in the breakdown 
of glucose and play an important role in the 
nutrition of cattle. The excreta of cattle is rich in 
these bacteria (methanogens) and can be used for 


generation of biogas. 

58. In the given diagram, a is sludge, b is gas 
holder and c is dung and water. 

The biogas production is an anaerobic process 
and is carried out in an air tight, closed cylindrical 
concrete»tank called a digester. The tank has a 
concrete inlet basin on one side for feeding fresh 
cattle dung. There is a concrete outlet on the outer 
side for removing the digested sludge. The top of 
the tank serves as the gas tank. It has an outlet pipe 
for the biogas. Biogas generation is a three-stage 
anaerobic digestion of animal and other organic 
wastes. In the first stage of anaerobic digestion, 
facultative anaerobic decomposet microbes bring 
about enzymatic breakdown of complex organic 
compounds into simpler and soluble compounds 
often called monomers. For this, the decomposer 
ç secrete cellulases, proteases and lipases 
proteolytic and lipolytic enzymes). In 


e simple soluble compounds 
s are acted 


microbe 
(cellulolytic, 
the second stage, th 
of microbial digestion or monomer 
upon by fermentation causing microbes. The 
latter change the monomers into organic acids. 
Organic acids, especially acetic acid, are acted 
upon by methanogenic bacteria in the third or 
final stage. The methane bacteria convert organic 
acids as well as carbon dioxide into methane. The 
biogas thus formed is conducted through the 
outlet pipe and used for domestic purposes. The 
digested sludge is removed from tank and is used 


as fertiliser. 
59, Refer to answer 48 (b). 
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60. Nucleopolyhedrovirus a genus of 
baculoviruses are useful in controlling many 
insects and other arthropods. They are species 
specific narrow spectrum bioinsecticides with 
no side effects on plants, mammals, birds, fish 
and non-target insects. Therefore, they serve 
as an important component of integrated 
pest management programme in dealing with 
ecological sensitive areas. These properties are 
useful in organic farming . 


61. Refer to answer 60. 
62. Refer to answer 60. 


63. (a) Chemical pesticides used in agricultural 
fields are toxic and they kill even useful 
organisms along with harmful ones, harm 
human beings and animals, pollute soil, water 
and crop plants. It is estimated that despite the 
use of chemical pesticides 30% of the agricultural 
produce is lost to pathogens and pests because 
these continue to develop resistance against 
various pesticides. Now, organic farmers prefer 
biological control of diseases and pests to theuse 
of chemicals. Biopesticides are the biological 
agents that control the growth of weeds, insects 
and pathogens in an agricultural field. They 
have targeted actions and aré harmless to the 
crop plants, other beneficial field animals and 
humans. In organic farming, pests and pathogens 
are not eradicated but kept at manageable levels 
by a system of checks and balances as operating in 
ecosystem, An organic farmer holds the view that 
eradicating pests is undesirable because without 
them the beneficial predatory and parasitic 
organisms which depend upon them for food 
would also be annihilated. 
(b) Bacterium as a biocontrol agent : Bacillus 
thuringiensis is effective against the cabbage 
looper. 
Fungi as a biocontrol agent : Trichoderma found 
in root ecosystem exerts biocontrol over several 
plant pathogens. 
Insect as a biocontrol agent : Lady bird beetle 
and dragonflies feeds on aphids and prey upon 
mosquitoes, respectively. 
64. (a) Nucleopolyhedrovirus : It is a baculovirus 
which is an effective biocontrol agent as it is useful 
in controlling many insects and other arthropods. 
It serves as species specific narrow spectrum 
bioinsecticide. 
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transplantation. 
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penicillin. | 
(f) Propionibacteritiyn sharninii : Mt is 
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in processing Of ‘Swiss cheese. The large hole 
in Swiss chéese are duoto production of a km 


amount of GO, byithis bacterium. 


658(a) Organic farming involves the use g 
biopesticides, Le. biocontrol agents to cont 
weeds, insects and pathogen. ‘These biocontn! 
agents include viruses, bacteria, protozoa, fung 


and mites. Example : Baculovirus heliothis 
control cotton bollworm (Helicoverpa 


Cah 
zei) 


whereas Bacillus thuringeinsis is effective agains 


cabbage looper (Trichoplusia ni). 


(b) Conventional pest control involves the use of 
chemical pesticides to control pests in crop-fel | 
Pesticides are toxic and harmful to crop plans 
Other crop field animals and humans. On Ùt 
other hand organic farmers use biopesticides 8 
control field pests. This approach is environme | 
friendly, exercises specific control over pests ans 


is harmless to humans. 


66. Nucleopolyhedrovirus a genus 


d 


baculoriviruses are useful in controlling mt 


insects and other arthropods. They are $P 
specific narrow spectrum bioinsecticides Wi 


side effects on plants, mammals, birds, fish 


} 


non-target insects. Bacillus thuringiensis is 35 
bacterium. The spores of this bacterium pP% 
Insecticidal cry protein, hence, kill larv ae of } 


Insects. This bacterium was first biopes 


be us i ; 
ed on commercial scale. The comm ui 


Preparations of B, thuringiensis contain 4 y 


of À , l 
C kari Cry protein and inert carrier. 
emical pesticides used in agricultur? 


are toxic and biocides. They kill eve? if 


hae ee with harmful one> 
uman beings and animals, pollute 0! 


. 
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water and crop plants. lt 
jespite the use of Chemical] 
the agricultural produ 
ind pests because th 
resistance against va 
other hand biopesticides are the bi 
agents that control the Srowth of weeds 
„nd pathogens in an agricultural fie] 
have targeted actions and are harmles 
crop plants, other beneficial field animals and 


humans. Therefore, nowadays biopesticides are 
preferred over chemical Pesticides. 


is estimated that 


ological 
, Insects 
d. They 
s to the 


67. Refer to answer 66. 


68. A number of free living and symbiotic blue 
green algae or cyanobacteria have the Property 
of nitrogen fixation and are Photosynthetic. 
Therefore, they add organic matter as well as extra 
nitrogen to the soil. Hence, blue green algae serve 
as biofertilisers and are added to agricultural 
fields such as cotton, maize, jowar, rice, etc. 


69. Refer to answer 68. 


70. Rhizobium is the symbiotic nitrogen fixing 
bacteria which forms nodules on the roots 
of legume plants. Hence, it help the plants in 
obtaining their nitrogen nutrition. 


71. Azospirillum is a free living nitrogen fixing 
bacteria. 


72. Oscillatoria is a nitrogen fixing cyanobacterium. 
73. Refer to answer 68. 


74. (a) Azotobacter and Azospirillum. 

(b) Leguminous crops have symbiotic nitrogen 
hxing bacteria such as Rhizobium that live in the 
toot nodules of these plants. These bacteria obtain 
food and shelter from the plant and in return they 
rap nitrogen directly from the atmosphere which 
they provide to the plant. 


73. Many members of the genus Glomus form 
Symbiotic associations with plants to form 
mycorrhiza. Glomus helps to absorb phosphorus 
from soil and passes it to the plant. Plants having 
such associations show other benefits also, such 
3S resistance to root-borne pathogens, tolerance 
7 Salinity and drought and an overall sage in 
Plant growth and development. Therefore, Glomus 
creases the farm yield. | 

76, Rhizobium is A soil bacterium which 
lives freely in soil or lives in symbiotic associati 


b 
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with roots of leguminous plants. The bacterium 
forms nodules or roots of leguminous plants 
where it lie in groups. When it occurs freely 
in soil, it cannot fix nitrogen. Nitrogen fixing 
ability develops only when it is present inside 
root nodules. Hence, Rhizobium is categorised as 
symbiotic bacterium. It acts as a biofertiliser as it 
helps plants in obtaining their nitrogen nutrition. 


77. Mycorrhiza is a mutually beneficial or 
symbiotic association of a fungus with the root of 
a higher plant. The most common fungal partners 
of mycorrhiza are Glomus species. Mycorrhizal 
roots show a sparse or dense wooly growth of 
fungal hyphae on their surface. 

They perform several functions for the plant— (i) 
Absorption of water, (ii) Solubilisation of organic 
matter of the soil humus, release of inorganic 
nutrients, absorption and their transfer to root. 
(iii) Direct absorption of minerals from the soil 
over a large area and handing over the same to the 
root. Plants with ectomycorrhiza are known to 
absorb 2-3 times more of nitrogen, phosphorus, 
potassium and calcium. (iv) The fungus secretes 
antimicrobial substances which protect the young 
roots from attack of pathogens. 

78. Refer to answer 77. 

79. Among the given microbes, the ones which 
are in great demand for organic farming are: 
Mycorrhiza, Anabaena and Rhizobium. 
Mycorrhiza is a mutually beneficial or symbiotic 
association of a fungus with the roots of a higher 
plant. Mycorrhizal roots show a sparse or dense 
wooly growth of fungal hyphae on their surface. 
Plants having mycorrhizal ` associations show 
resistance to root-borne pathogens. 

Anabaena is free living and symbiotic nitrogen 
fixing cyanobacteria. Cyanobacteria are 
photosynthetic and have the property of nitrogen 
fixation. They add organic matter as well as 
extra nitrogen to the soil. Cyanobacteria are an 
extremely low cost biofertilisers. 

Rhizobium is symbiotic nitrogen fixing bacteria. 
They form a mutually beneficial association with 
the plants. The bacteria obtain food and shelter 
from plants. In return, they give a part of their 
fixed nitrogen to the plants, thus enhancing the 
availability of nutrient to crops. It forms nodules 
on the roots of legume plants. They develop the 


ability to fix nitrogen only when they are present 
inside the root nodules. 


— 
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80. (a) Chemical fertilisers cause pollution 
of water bodies as well as ground water, besides 
getting stored in crop plants. Therefore, farmers 
are Pressing for switch over to organic farming 
which includes the use of manures biofertilisers, 
biopesticides. Biofertilisers are microorganisms 
which bring about nutrient enrichment of soil 
by enhancing the availability of nutrients 
to crops. The microorganisms which act as 
biofertilisers are bacteria, cyanobacteria 
(blue green algae) and mycorrhizal fungi. 
Bacteria and cyanobacteria have the property 
of nitrogen fixation while mycorrhizal fungi 
preferentially withdraw minerals from 
Organic matter for the plant with which they 
are associated. Phosphate is also solubilised 
by some bacteria and by some fungi that 
form association with plant roots. 

(b) Anabaena is a free living nitrogen fixing 
cyanobacterium. Therefore, it adds organic 
matter as well as extra nitrogen to agricultural 
field. Cyanobacteria are an extremely. low cost 
biofertilisers. Also refer to answer 77. 


81. Biofertilisers are microorganisms which 
bring about nutrient enrichment of soil by 
enhancing the availability of nutrients like nitrogen 
(N) and phosphorus (P) to crops. Biofertilisers 
includes—nitrogen fixing bacteria, nitrogen fixing 
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cyanobacteria and en: Azotoba, 
occurring in fields of cotton, maize, jowar andy, 
not only increases yield but also saves nitr 


et 
fertiliser upto 10-25 kg/ha. 


A number of free living cyanobacteria o 
green algae have the property of hit 
fixation, e.g, Anabaena, Nostoc, Oscil 
Aulosira, Tolypothrix, Cylindrospe 
Stigonema. Cyanobacteria are extremely | 
biofertilizers. 
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FM 
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The most important of the symbiotic nitroge 
fixing bacteria is Rhizobium. It forms nodules g 
the roots of legume plants. There are about a doze 
species of Rhizobium which form association Wit 
different legume roots, e.g., R. leguminosarum,j 
lupini, R. trifolii, R. meliloti, R. phaseoli, 


Nitrogen fixing cyanobacteria (blue-gree 
algae) form symbiotic association with severa 
plants, e.g., cycad roots, lichens, liverworts 
Azolla (fern). Azolla-Anabaena associatio 
is of great importance to agriculture. Azoll 
pinnata is a free floating fresh water fern whid 
multiplies rapidly, doubling every 5-7 day 
The fern can coexist with rice plants becausel 
does not interfere with their growth. In somi 
South-East Asian countries, especially Chim 
the rice fields are regularly provided with 
Azolla. Also refer to answer 80 (a). 
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were asked from Tools of Recombinant PPNA 
Technology. ; ae 


QUICK RECAP 


© The term biotechnology iS derived from 
the fusion of biology and paa 
Biotechnology means any — 
application that uses biological sys _ 
living organisms OF their deiae a 
produce or modify products or processes for 
specific use. 


i by the 
© The definition of biotechnology given 
European Federation of Biotechnology 


(EFB) which covers both traditional views 
and modern molecular biotechnology is as 
follows: “Biotechnology is the integrated 
use of biochemistry, microbiology and 
engineering sciences in order to achieve 
technological application of the capabilities 


of microorganisms, cultured tissues/cells 
and parts there of?” 
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PRINCIPLESOFMODERN BIOTECHNOLOGY 


© The science of biotechnology is mainly based © 
on two core technologies : 


PRR A RON BRERA ME Ea: RAAT eR My, BCs sce enon 
AbD A 


EOAR PIEPT PENE INTS. 
Š "AEN O SA NA 


S PE AU EEE TANE EA E S NA =) 
: Genetic Engineering 
“It includes techniques to alter the nature 
“of genetic material of host organism b 


b 
| 
introducing foreign or recombinant wef 
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into the host organism thereby changing their 
i peeve: 
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DNA BS AR D SN Dee A EON 
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ESAI NSAN acti ey ae ASE AEN ENE ops a 
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Chemical Engineering D Q 
It involves maintenance of sterile, microbial | 
"contamination free conditions, that allow. 
"growth of only the desired microorganism/_ 
eukaryotic cell in large quantities, for the 
"manufacture of biotechnological products such 
Jas antibiotics, vaccines, enzymes, medicines, 
hormones, etc. 7 ; 
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Enzymes 





_ These enzymes.are used to open up the cells to get DNA for - 
_ genetic experiments, Lysozyme is usually used to dissolve the » 
~- bacterial cell wall, cellulase for plant cell wall, chitinase for 
g fungal cell wall etc. 










— These enzymes are sed to reak DNA molecules at specific 


sites. They belong to a large class of enzymes called 
nucleases, | 


RESTRICTION ENDONUCLEASES - THE 
MOLECULAR SCISSORS 


© Restriction endonuclease was isolated for the 
first time by W. Arber in 1962 in bacteria. In 
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Genetic Engineering 


Genetic engineering is the techn nol 
involved in synthesis of artificial 

repair of genes through fusion, deleti. 
inversion, shifting of genes, produc, 
recombinant DNA & manipulating the 

for improvement in human beings, plan 
animals and microbes. 


Ry 


An important aspect of genetic engineering; 
recombinant DNA technology. Recombinay 
DNA technology is employed for combinin 
DNA from two different organisms k 
produce recombinant DNA. 


Three basic steps in creating genetically 

modified organism (GMO) or transpa 

organism are: 

(i) Identification of DNA with desirable genes 

(ii) Introduction of the identified DNA into 
the host 

(ili) Maintenance of introduced DNA in the 
host and the transfer of DNA to its progeny 


Cloning vectors (vehicle DNA) 


Competent host (for transformation 
with recombinant ONA 


25 12a 


Exonucleases _ 


: Renove nucieotides from the terminal ends (either! 5 or 3} of 
: DNA; in one strand of duplex. 


Nucleotides separated from 5ʻend 
x] 


y y 
- Exonuclease E, 7 [J 7 elas 
: yt tit tii tits 


Endonucleases 


These make cuts at specific Position within the DNA. These 


_ Enzymes do not cleave the ends and involve only one or both 
strands of the DNA duplex, 


Incision inside the 
eects chain 


Endonuclease! TTT | Po Pepys 
Restriction endonucleases 


They cut DNA duplex at palindromic sites, Their single stranded 


“free ends are Called ‘sti 
CKY e d end to 
end by DNA ligase ky ends’ which can be joine 
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end Onucleas ; 

EcoRI R Ian: 

C 
7 
TGFA Sp 


1978, Arber, f 
the Nobel p 


Prize for di strict” 
endonucleas Scovery of re 


es. These enzymes recognise t 
ce at palindrome sites in D 


Ney 





Smith and Nathan were aval 


yo 


st echnology : Principles and Processes 


The palindromes in DNA are base 
when read forward (left to right ) 
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pair sequences that shows the same sequence on both the strands 
or back ward (right to left) from a central axis of symmetry. 


le, icti 
For ENA A faar endonuclease EcoRI found in the colon bacteria E. coli, recognises the base 
seg" in DNA duplex and cuts the DNA strands between G and A as shown here: 


5 — GAATTC —3’ 


types of Restriction Endonuclease 


3 — CTTAAG—5’ 


6 Three main types of restriction endonucleases are type I, type II and type III. 











Table : Difference between 


[Typed 
















They require ATP, Mg* 
S-adenosyl-methionine for 
restriction. 
They recognise specific sites 
within DNA but do not cut 

these sites. 


restriction. 






sites. 


Nomenclature of Restriction Enzymes : 


| ð (i) Type II restriction enzymes are named 
for the bacterium from which they have 
been isolated For example EcoRI enzyme 
has been isolated from, Escherichia coli 
the bacterium RY13. (ii) The first letter 
used for the enzyme is the first letter of the 
bacterium’s genus.name (in italics), (iii) then 
comes the first two letter of its species (in 
italics). (iv) The fourth letter of the name of 
enzyme is the letter of strain. (v) The end of 
the name is romaii numeral, which indicates 
the order in which the enzyme was isolated. 


Functioning of Restriction Enzyme 


s are present in many 


Q Restriction enzyme 
as a part of their 


bacteria where they function sls 
defence mechanism called the Restriction 


Modification System. Molecular basis of 
this system was first explained by Wemer 
Arber in 1965. The restriction modification 
system consists of restriction endonucleases 
and a modification enzyme. | 

Q Synthesising enzymes, DNA ligases, eer 
Phosphatase are other enzymes use 


rDNA technology. 


Type I, Type II and Type III restriction endonucleases 


(i) Enzyme Str CLG consists of 3 Enzyme structure is simple. | Enzyme structure consists of 
different subunits. two different subunits. 


They require Mg” ions for 


They recognise specific sites 
within the DNA and cut these | within the DNA but do not cut 

















They require ATP, Mg** and 
S-adenosyl- methionine for 
restriction. 
They recognise specific sites 












these sites. 





Restriction endonuclease enzyme 
present in host cell recognises foreign 
DNA introduced in the bacterial cell. 


Foreign | 
DNA 

fo \k tiie 

Recognition site \ 

| 

s eC id 

a A i] 

Se 


Bacterial cell 













Methyl transferase 
Bacterial DNA |Modification enzyme which protects 
bacterial DNA from its own endonucleases 
by methylation of one or two bases within 
their recognition sites. 














Bacterial cell 


Methylation of bases within restriction 
endonuclease recognition sites prevents 
restriction endonucleases from cleaving 
bacterial DNA. 


Fig.: Restriction Modification System 
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CLONING VECTORS (VEHICLE DNA) 


© The vectors are DNA molecules that can 


okey a foreign DNA segment and replicate 
inside the host cell. 


© 


Vectors may be plasmids, bacteriophages, 
cosmids, Yeast Artificial Chromosomes 
(YACs), Bacterial Artificial Chromosomes 
(BACs), transposons and viruses. 


Out of these vectors, plasmid vectors and 
bacteriophage vectors are commonly used. 


Plasmids are  extra-chromosomal, self- 
replicating, usually circular, double-stranded 
DNA molecules, found naturally in many 
bacteria and also in some yeast. 

Plasmids are usually not essential for normal 
cell growth and division, but they often 
confer some traits to the host organism e.g., 
resistance to certain antibiotics. 

The most widely used, versatile, easily manipulated 
vector pBR322 is an ideal plasmid vector. 









Cleavage site 


rom rong 


Banii ——» Unique recognition 
faa A a 
Tetracycline i 
resistance 


resistance (tet"™) gene 
(amp) gene 
Sall PAESED 
~a Unique recognition 
Erea E SOG Aas 
Origin of replication (Ori) PID 
Fig.: E.coli Cloning Vector pBR322 
© Bacteriophages (a virus that eats upon 


bacteria) are required for cloning of large 
DNA fragment. 

Two phages that have been extensively 
modified for development of cloning vectors 
Are lambda_phage and M13 phage. 


© 


Lambda phage vector has a double-stranded, 
linear DNA genome of 48, 502 bp, in which 
the 12 bases at each end are unpaired but 
complementary, 

These vectors allow cloning of DNA 
fragments up to 23 kb in length. 

M13 phage vector is a filamentous phage 
which infects Z. coli having F-pili. Its 
genome is a single stranded, circular DNA 
of 6407 bp. 


© 


ON 
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Some other cloning vectors are , 
bacterial Artificial Chromosome (B AC X 
Artificial Chromosome (YAC), Phas. & 
animal and plant vector, transposon asy 
shuttle vectors. Cy 
The cosmids (like pJC74, pJC720 etc) : 
defined as the hybrid vectors deriyeg i 


: ' 
plasmids and phage À which contain cass 


Characteristics of a Cloning Vector 
The desirable characteristics ofa cloning Vector 
- 


© 


CO 


Origin of replication (Ori) is a seque 
from where réplication starts. The replica 
occurs inside the host cells. A prok, i 
DNA hasa single origin of replication whit 
eukaryotic DNA may have more than tr 
origin of replication. 


Selectable markers (antibiotic resistan; 
gene) are required to identify and elimin 
non-transformants and selectively permits. 
growth of the transformants. Generally t: 
genes encoding resistance to antibodies sy 
as tetracycline, ampicillin, kanamycin ę 
chloramphenicol, etc., are used as selectat: 
markers for E.coli. 


A valuable feature of the cloning vector; 
the presence of specific restriction sites (° 
cloning sites), where the enzyme restrictie 
endonucleases make a cut so that a foreiz: 
DNA segment may be introduced (joined): 
the vector. This property helps a vector tox 
as trusted cloning vehicle during gene trans 
in genetic engineering. The ligation of ale 
DNA is carried out at a restriction site pre 
in one of the antibiotic resistance genes. 


MPETENT HOST 


Competenthostis essential fortransforms” 
with recombinant DNA. Since, DNA !' 
hydrophilic molecule, it cannot pass thro 
membranes, so bacterial cells must be uf 
capable to take up DNA. This is we 
treating them with a specific concentra 
of a divalent cation, such as calcium y 
which increases the efficiency. Recom f | 
DNA can then be forced into such ¢ " 
incubating the cells with recombinant 4 
on ice, followed by placing them br 7 
42°C (heat shock) and then putting W 
back on ice. This ebables the bacteria oh 
up the recombinant DNA. In e2% jt 
cells, the term transformation is repli 
the term transfection. 


D 
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GEL ELECTROPHORESIS 


oO Electrophoresis is a technique of separation 


© 


of charged molecules under the influ 

an electrical field so that they miti ence mt 
direction of electrode bearing t A if in tl e 
charge, through a medium/matrix. pposite 


The most commonly used matri 


which is a polysaccharide extrac 
weeds. 


X is agarose 
ted from sea 


DNA fragments separate according to size 
through the pores of agarose gel, 












DNA bands 
3 
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e 
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Fig.: A typical agarose gel electrophoresis 


The separated DNA fragments can be 
seen only after staining the DNA with a 
compound known as ethidium bromide 
(EtBr) followed by exposure to UV radiation 
as bright orange coloured bands. 


The separated bands of DNA are cut out 


from the agarose gel and extracted from the 
gel piece. This step is called as elution. 


POLYMERASE. CHAIN. REACTION (PCR) 
TECHNIQUE 


© 


© 


Basic Requirements of PCR 


> 


> 


Polymerase chain reaction (PCR) is a 
technique of synthesising multiple copies 
of the desired gene (or DNA) in vitro. This 
technique was developed by Kary Mullis in 


1985. 


It is based on the principle 
subjected to 


that a DNA 
high 


molecule, when Dante 
temperature, splits into two strands due 
denaturation. 


DNA template. The desired segment A 
target DNA molecule that is to be amp l Fa 
Two nucleotide primers. T wo = jpa 
primers, usually 10-18 nucleotides ong no 
complementary tO the sequences presen 

f the target DNA segment. 
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> Enzyme. High temperature (more than 
90°C) stable DNA polymerase (usually Jaq 
polymerase), for synthesis of new DNA 
molecules. 
Procedure of PCR 
It includes three steps as follows : 
DNA to be amplified 


8 TTT j 


v 


© STAT TPT T ? 


ote 
„ILII Re. 
3 © Í Denatura! BN BG DIAE AA 5 
De 


_ The target DNA 


/ 


aturation of DNA. 


n 
HRD LE LONER SEES megane x 2 223 ae Ree Ce aa AA 
first heated to a temperature between 


ne ZA 


sure DNA denaturation 4e., the separation of the 
Each single strand of the target DNA then acts as a 








plate for DNA synthesis, : 
y 4 , 
[TTT] 3 ~ Primers —— > 5 


3 FEPACRAVAAOERENNAAANANEE SEN 5’ 
@) Annealing of primers | 
- The mixture is cooled to a temperature (of about -40-60°C that — 


- permits annealing of the primer to the complementary sequences | 
-in the DNA; these sequences are located at the 3’-ends of the two 


3 


_ strands of the desired segment. — 


Se ree oe s <É 
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G) | Primer extension | 
“The DNA polymerase (Taq polymerase) Synthesises the 
complementary strands by utilising NTPs (deoxynucleoside 
triphosphates) and Mg’. The primers are extended towards each 
other, so that the DNA segment lying between the two primers is 
copied, This is ensured by employing primers complementary to | 
the 3’-ends of the segment to be amplified. The duration of primer 
extension Is usually 2 min at72°C, | 





© This process is repeated many times to 
amplify the required gene of interest. For 
second cycle, DNA obtained after first cycle 
is used as template and so on. 


PCR is used in many areas like detection of 
pathogens, diagnosis of specific mutations, 
DNA fingerprinting, prenatal diagnosis etc. 


© 
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1. Write the two components of the first artificial 
recombinant DNA molecule constructed by 
Cohen and Boyer. (Foreign 2014) 


an 





ii (2 marks) — 
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2. Explain the work carried out by Cohen 
and Boyer that contributed immensely in 
biotechnology. (Delhi 2012) 

11.2 Tools of Recombinant DNA 

Technology 











3. Suggest a technique to a researcher who 


needs to separate fragments of DNA. 
(Delhi 2016) 


Mention the type of host cells suitable for the 


gene guns to introduce an alien DNA. 
(Delhi 2014) 


Name the host cells in which micro-injection 
technique is used to introduce an alien DNA. 
(Foreign 2014) 


Name the’ material used as matrix in gel- 


electrophoresis and mention its role. 
(AI 2014C) 


State what happens when an alien gene is 
ligated at Sall site of pBR322 plasmid. 
(Delhi 2013C) 


How is Agrobacterium tumefaciens able to 
transform a normal plant cell into a tumor? 
(Delhi 2013C) 


How can retroviruses be used efficiently in 
biotechnology experiments inspite of them 
being disease causing? (AI 2013C) 
State what happens when an alien gene is 
ligated at Pvul site of pBR322 plasmid. 

(AI 2013C) 
Why is ‘plasmid’ an important tool in 
biotechnology experiments? (AI 2013C) 
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19. 
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Name the specific sequence of DNA k 
lasmid that the gene of interest’ ligate 
with, to enable it to replicate. (AI 20] 30 


State the role of DNA ligase in biotechnol, 


= a a D 

w2 nd 
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Mention the use of cloning vector ; 
biotechnology. (Delhi 20) ) 


Why is it essential to have a ‘selectah, 
marker’ in a cloning vector? (AI 20) l) 


Why do DNA fragments move towards the 


anode during gel-electrophoresis? 
(Delhi 20] IC 


Ithe year 1963, two enzymes responsible 
for restricting the growth of bacteriophage in 
E. coli were isolated. How did the enzymesac 
to restrict the growth of the bacteriophage? 
(AI 20110 


How is the action of exonuclease different 
from that of endonuclease? (AI 2010) 
Mention the role of ‘molecular scissors’ in 
recombinant DNA technology. (AI 2010) 





20. 


2l. 


_ DNA to plant cells. 


Ze. 


23. 


24. 


25. 


26. 


BT: 


N (2 marks) 


What is EcoRI? How does EcoRI differ from 
an exonuclease? (Delhi 20150) 


State how has Agrobacterium tumefaciens 


been made a useful cloning vector to transfe 
(Delhi 2014) 


How are ‘sticky ends’ formed on a DNA 
strand? Why are they so called? (Delhi 2014 


Write the role of ori and ‘restriction site in? 
cloning vector pBR322. (Delhi 2014) 


How does a restriction nuclease function’ 
Explain. (AI 2014) 


How is insertional inactivation of an enzy™ 

used as a selectable marker to differenti*" 

recombinants from non-recombinants! 
(Foreign 201 


Explain palindromic nucleotide sequen 


with the help of a suitable example. 
(Foreign 0° 

Why is making cells competent essential os 

biotechnology experiments? List any mw 


ways by which this can be achieved. 
(AI 2014 


2014) 
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28. 


29. 


30. 


31. 


32. 


33. 


34. 


39, 


36. 


37, 


38. 


39, 


(a) Mention the difference in the mode of 
action of exonuclease and endonuclease 
(b) How does restriction endonuclease 
on? 

PANEN (Delhi 2013) 
(a) Explain how to find whether an E. coli 
bacterium has transformed or not when 
a recombinant DNA bearing ampicillin 
resistant gene is transferred into it. 


(b) What does the ampicillin resistant gene 
act as in the above case? 


(Delhi 2013) 
Why and how bacteria can be made 
competent’? (Delhi 2013) 


Write any four ways used to introduce a 
desired DNA segment into a bacterial cell in 
recombinant technology experiments. 


(AI 2013) 
How is the bacterial cell made competent to 
receive recombinant DNA? Explain. 
(AI 2013) 
(a) How is an exonuclease functionally 
different from an endonuclease? 
(b) Give an example of 
endonucleases other than Sal I. 
(Delhi 2013C) 


(a) A recombinant vector with a gene 
of interest inserted within the gene of 
B-galactosidase enzyme, is introduced into 
a bacterium. Explain the method that would 
help in selection of recombinant colonies 
from non-recombinant ones. 

(b) Why is this method of selection referred 
to as “insertional inactivation’? (AI 2012) 


State the role»of UV-light and ethidium 
bromide during gel electrophoresis of DNA 


any two 


fragments. (Delhi 2012C) 
List the key tools used in recombinant DNA 
technology. (Delhi 2011) 
Explain the role of Ti plasmids in 
biotechnology. (Delhi 2011) 


How are recombinant vectors created? Why 
is only one type of restriction endonuclease 
required for creating one recombinant 
vector? (Foreign 2011) 
A recombinant DNA is formed when sticky 
ends of vector DNA and foreign DNA join. 


Explain how the sticky ends are formed and 
get joined. (AI 2010) 


40. 


4l. 


42. 


43. 





SA (3 marks) 
45. 


46. 


47. 


48. 
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(a) Illustrate the recognition sequence of 
EcoRI and mention what such sequences are 
called. 


(b) How does restriction endonuclease act 
on a DNA molecule? (AI 2010C) 


A and B are the two different cloning vectors 
in two different bacterial colonies cultured 
in chromogenic substrate. Bacterial colonies 
with cloning vector A were colourless 
whereas those with B were blue coloured. 
Explain giving reasons the cause of the 


difference in colour that appeared. 
(AI 2010C) 


How is DNA isolated in purified form from a 
bacterial cell? (AI 2009) 


Name the»source organism from which Ti 
plasmid is isolated. Explain the use of this 
plasmidin biotechnology. (Foreign 2009) 


Name the natural source of agarose. Mention 


one role of agarose in biotechnology. 
(Delhi 2009C) 


Explain the roles of the following with the 
help of an example each, in recombinant 
DNA technology : 

(a) Restriction enzymes 

(b) Plasmids (2018) 


Explain the role(s) of the following in 
biotechnology : | 

(a) Restriction endonuclease 

(b) Gel-electrophoresis 

(c) Selectable markers in pBR322. 


(Delhi 2017) 


(a) Explain the significance of ‘palindromic 
nucleotide sequence in the formation of 
recombinant DNA. 

(b) Write the use of restriction endonuclease 
in the above process. (AI 2017) 


(a) Name the selectable markers in the 
cloning vector pBR322? Mention the role they 
play. 

(b) Whyisthe coding sequence ofan enzyme 
$-galactosidase a preferred selectable marker 
in comparison to the ones named above? 


(AI 2016) 
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49. 


50. 


51. 


52. 


FA: 


54. 


55. 


56. 


57. 


(a) Why must a cell be made ‘competent’ 
in biotechnology experiments? How does 
calcium ion help in doing so? 

(b) State the role of ‘biolistic gun’ in 
biotechnology experiments. (AI 2016) 


Name and describe the technique that helps 
in separating the DNA fragments formed by 
the use of restriction endonuclease. 

(Foreign 2015, AI 2014) 


State the functions of the following in the 
cloning vector pBR322 : 

(a) Ori, 

(b) rop, and 

(c) HindIII sites (AI 2015C) 


Draw pBR322 cloning vector. Label ‘ori; ‘rop’ 
and any one antibiotic resistance site on it 
and state their functions. (AI 2015C) 


Draw a schematic diagram of the E. coli 
cloning vector pBR322 and mark the 
following in it : 

(a) ori 

(b) rop 

(c) ampicillin resistance gene 

(d) tetracycline resistance gene 

(e) restriction site BamHI 

(f) restriction site EcoRI (AI 2014C) 


(a) Draw schematic diagrams of segments 
of a vector andaa foreign DNA with the 
sequence of nucleotides recognised by EcoRI: 
(b) Draw the vector DNA segment and 
foreign DNA segments after the action of 
EcoRI and label the sticky end produced. 
(AI 2014C) 

(a) Explain the basis on which the gel 
electrophoresis technique works. 
(b) Write any two ways the products obtained 
through this technique can be utilised. 

(Delhi 2013C) 
Draw a schematic sketch of pBR322 plasmid 
and label the following in it: 
(a) Any two restriction sites. 


(b) Ori and rop genes. 
(c) An antibiotic resistant gene. 


(Delhi 2012) 
Explain the importance of 
(a) restriction endonuclease, 
(b) “Ori” and 
(c) gel-electrophoresis in recombinant 
(Delhi 2012C) 


DNA technology. 


58. 


59. 


60. 


6l. 


62. 
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Why has a bacterium to first w. 
‘competent’ to be able to take up DNA 
Explain how it become ‘competent’ and tip, 
in the recombinant DNA. (AID Ola 
How is the desired DNA for biotechno, 
experiments first fragmented and a 
separated by gel-electrophoresis? Explain 
(AI 20120 


(a) Why are restriction endonucleases y 


called? 

(b) What is, a palindromic nucleotig, 
sequence? How do restriction endonuclease 
act on palindromic sites to create ‘stic 
ends? (Delhi 20110 | 


EcoRI is used to cut a segment of foreign 
DNA and that of a vector DNA to form, 
recombinant DNA. Show with the help i 
schematic diagrams. 

(a) The set of palindromic nucleotide 
sequence of base pairs the EcoRI wil 
recognise in both the DNA segments. Mark 
the site at which EcoRI will act and cut both 
the segments. | 
(b) Sticky ends 
segments where the two DNA segments will 


join later to form a recombinant DNA. 
(Delhi 2010) 








formed on both the 


| 


(a) Name the organism in which the vector 
shown is inserted to get the copies of the | 
desired gene. , 
(b) Mention the area labelled in the vecto! 

responsbile for controlling the copy number 
of the inserted gene. | 
(c) Nameand explain the role of a selectabl 
marker in the vector shown. | 
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63. (a) EcoRI is a restriction endonuclease 
How is it named so? Explain. l 
(b) Write the sequence of DNA bases that 
the enzyme recognises. Mention the point at 
which the enzyme makes a cut in the DNA 
segment. (Delhi 2010C) 
64, (a) Name the technique used for separation 
of DNA fragments. 
(b) Write the type of matrix used in this 
technique. 
(c) How is separated DNA visualised and 
extracted for use in recombinant technology? 
(AI 2010C) 


65. (a) Identify the selectable markers in the 
diagram of E. coli vector shown below. 





(b) How is the coding /sequence of 
B-galactosidase considered. a better marker 
than the ones identified by yow in the 
diagram? Explain. (Delhi 2009) 


66. Name and explain the technique used in the 
separation añd isolation of DNA fragments 


to be used in recombinant DNA technology. 
(AI 2009) 


67. (a) What is EcoRI? What does ‘R represent 
in this? 
(b) Give the 
sequence recognised by it. 
(c) Explain its action. (Foreign 2009) 
68. Why are genes encoding resistance to 


antibiotics considered useful agree 
coli cloning vector? EX 
markers for E. coll ‘Delhi 2009C) 


with the help of one example. 
69. (a) Explain the role of restriction endo- 


hnology. 
ucleases in reco that was first 


donuclease 
lee Haale (Delhi 2009C) 
70, (a) Write the palindromic 
the following DNA segment : 
5’-GAATTC-3 


palindromic nucleotide 


nucleotide for 
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(b) Name the restriction endonuclease that 
recognises this sequence. 

(c) How are ‘sticky-ends’ produced? 
Mention their role. (AI 2009C) 


PW (5 mark) ooo 


71. Unless the vector and source DNA are cut, 
fragments separated and joined, the desired 
recombinant vector molecule cannot be 
created. 

(a) How are the desirable DNA sequences 
cut? 

(b) Explain the technique used to separate 
the cut fragments. 

(c) Howare the resultant fragments joined 
to the vector DNA molecule? (Delhi 2015C) 


72. Name the enzymes that are used for the 
isolation of DNA from bacterial and fungal 
cells for recombinant DNA technology. 

(AI 2014, Foreign 201 4) 


73. (a) Describe the characteristics a cloning 
vector must possess. € 
(b) Why DNA cannot pass through the cell 
membrane? Explain. How is bacterial cell 
made ‘competent’ to take up recombinant 
DNA from the medium? (AI 2011) 


74. (a) With the help of diagrams show 
the different steps in the formation of 
recombinant DNA by action of restriction 
endonuclease enzyme EcoRI. 

(b) Name the technique that is used for 
separating the fragments of DNA cut by 
restriction endonucleases. (AI 2011) 


75. Explain the process by which a bacterial 
cell can be made ‘competent. Why is it 
essential to make bacterial cells ‘competent 
in recombinant DNA technology? 

(Delhi 2011C) 








11.3 Processes of Recombinant 
` DNA technology 
WAN 1 marky 


76. Write the importance of the bacterium 
Thermus aquaticus in polymerase chain 





reaction. (Delhi 2013C) 
77. Mention the source of thermostable DNA 
polymerase. (AI 2013C) 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 





88. 


89. 








po 


Why is Taq polymerase preferred in PCR? 
Mention the source of this enzyme. 

(Delhi 2015C) 
Name two commonly used bioreactors. State 
the importance of using a bioreactor. 

(Delhi 2013) 

Name the source of the DNA polymerase 
used in PCR technique. Mention why it is 
used. (AI 2013) 
Name the source organism that possesses 
Taq polymerase. What is so special about the 
function of this enzyme? (AI 2012) 
(a) Mention the number of primers 
required in each cycle of polymerase chain 
reaction (PCR). Write the role of primers and 
DNA polymerase in PCR. 
(b) Give the characteristic feature and 
source organism of the DNA polymerase in 
PCR, (ATI 2011) 
What is genetic engineering ? List the steps 
in rDNA technology. (AI 2011) 
the organism, from. where the 
thermostable DNA polymerase is isolated. 
State its role in genetic engineering. 

(Foreign 2011) 
the contribution of Thermus 
aquaticus in the amplification of a gene of 
interest. (Delhi 2009) 
What are recombinant proteins? How do 
bioreactors help in their production? 

(AI 2009) 
Name the source of Taq polymerase. Explain 
the advantage of its use in biotechnology. 


(2/3, AI 2009) 


Name 


Explain 


1 (3 marks) 


(a) How has the development of bioreactor 
helped in biotechnology? (2018) 


(b) Name the most commonly used 

bioreactor and describe its working. 

Write the steps you would suggest to be 

undertaken to obtain a foreign-gene-product. 
(Delhi 2017) 


f Y 
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90. Describe the roles of heat, primers + 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


bacterium Thermus aquaticus in the pigs 

of PCR. (Ay 2 

Rearrange the following in the a 

sequence tO accomplish an impon a 

biotechnological reaction : t 

(i) Denaturation of ds-DNA 

(ii) Chemically synthesised oligonucletig, 

(iii) Primers | 

(iv) Complementary region of DNA 

(v) Thermostable DNA polymerase 
Thermus aquaticus) 

(vi) Nucleotides provided 

(vii) Genomic DNA template 


(ton 


(viii) In vitro synthesis of copies of DNA gf. 
interest | 
(ix) Enzyme DNA-polymerase. (AJ 2015) 


Many copies of a specific gene of interest are 
required to study the detailed sequencing | 
of bases in it. Name and explain the proces 
that can help in developing large number af 
copies of this gene of interest. (Foreign 2015 


Prepare a flow chart in formation of 
recombinant DNA by the action of restriction 
endonuclease enzyme EcoRI. (Foreign 2015) 


(a) List the three steps involved in 
Polymerase Chain Reaction (PCR). 
(b) Name the source organism of Ta 
polymerase. Explain the specific role of this 
enzyme in PCR. (Foreign 2014) 
What is a bioreactor used for? Name? 
commonly used bioreactor and any two ofi 
components. (Delhi 20140. 
(a) What is a bioreactor? How does it wo’ 
(b) Name two commonly used bioreacto® 
(Delhi 20140 
Explain in sequence the process 4 
amplification of a gene of interest usitt 
polymerase chain reaction. 0 
(AI 2013C, AI 2012, Al 20! 
Why is a recombinant protein s0 an 
How can it be harvested on a large S“ 


Write two Precautions to maintain 4 Re, 
yield. (Delhi 201: 
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99. (a) Identify À and illustration in the 


following : 


i) s-e m ny 
3 —CTTAAG-5 
td el 


(ii) © 
Plasmid 


e7, Replication 


(b) Write the term given to (A) and © and 
why? 

(c) Expand PCR. Mention its importance 
in biotechnology. (Delhi 2011) 
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100. Describe the process of gene amplification re 
rDNA technology experiments. (AI 2011 





Smarks) SST 
101.(a) Describe the different steps in one 
complete cycle of PCR. 
(b) State the purpose of such an amplified 
DNA sequence. (AI 2015C) 
102. If a desired gene is identified in an organism 
for some experiments, explain the process of 
the following : 
(a) Cutting of desired gene at specific 
locations. 
(b) Synthesis of multiple copies of the 
desired gene. (AI 2011) 





1. Two 


components of first artificial 
recombinant DNA molecule constructed are : 

An antibiotic resistance gene and plasmid of 
Salmonella typhimurium. 


2. Cohen and Boyer contributed. to: the field 
of biotechnology by constructing the first 
recombinant DNA molecule in 1972. They cut the 
piece of DNA from a plasmid carrying antibiotic 
resistance gene, using restriction enzymes. This 
piece of foreign DNA, was linked with the plasmid 
DNA, acting asa vector with the help of enzyme 
DNA ligase. This newly formed DNA molecule is 
called recombinant DNA. 

3. Separation of DNA fragments can be done by 
a technique called agarose gel electrophoresis. In 
| this technique the DNA molecules are separated 
| according to their size, under the influence of 
an electric field (DNA being negatively charged 
Moves from cathode to anode). 


4. Undifferentiated plant cells are the most 
Suitable host cells for the gene gun to introduce 
an alien DNA. It is because plant cells have rigid 
cell wall which can be easi y broken down by 
Ombarding them with high velocity micro- 
Particles of gold or tungsten coated with DNA. 


i Microinjection technique is used to 
Introduce an alien DNA directly into the nucleus 





of the animal host cells such as oocytes, eggs and 
embryo. 
6. Most commonly used matrix in DNA gel 


electrophoresis is agarose. It provides sieving effect 
for separation of DNA fragments according to their 


` size. 


7. When an alien gene is ligated at SalI site of 
pBR322, the gene tet? becomes non functional and 
plasmid loses its tetracycline resistance. Hence, 
the ceil possessing such recombinant pBR322 will 
not be able to grow on tetracycline. 


8. When Agrobacterium tumefaciens infects 
a plant cell, its Ti plasmid (Ti-tumour inducing 
plasmid) transfers a piece of its DNA known as 
‘T-DNA into plant cells and transform normal 
plant cells into a tumour, 


9. Retroviruses are first disarmed (disease 
causing gene is removed/ inactivated), this 
disarmed virus do not cause disease and hence are 
used to transfer desirable genes into host cells. So, 
inspite of them being disease causing, it (disarmed 


retrovirus) is used efficiently in biotechnology 
experiments. 


10. When an alien gene is ligated at Pvul site 
of pBR322 plasmid the transformant cell loses 
ampicillin-resistance as amp® gene becomes non- 
functional. Thus, the recombinant will be unable 
to grow in presence of ampicillin, 
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11. Plasmid have the ability to replicate within 


bacterial cells independent of the control of 
chromosomal DNA and have high copying 
number, therefore any alien DNA ligated to 
it, also multiplies to equal the copy number of 
plasmids. So, it is used as a vector in gene cloning 


experiments and thus plays a role of an important 
tool in biotechnology. 


12. Origin of replication (ori) is the sequence 
of DNA in a plasmid to which gene of interest 
ligates in order to get replicated. 


13. DNA ligases join two individual fragments 
of double stranded DNA by the formation of 
phosphodiester bond between them. 


14. Cloning vectors are essential in 
biotechnological experiment as they help in 
transferring a fragment of foreign DNA (gene of 
interest) into suitable host. They help in cloning, 


have high copy number and help in easy linking of 
alien DNA. 


15. Selectable marker helps in identifying and 
eliminating non transformants and selectively 
permitting the growth of the transformants. 
Hence, they are considered as essential property 
in a cloning vector. 


16. DNA is a negatively charged molecule 
hence during gel electrophoresis it move towards 


anode (positive electrode) under the influence of 
electrical field. 


17. In 1963, the two enzymes responsible 
for restricting the growth of bacteriophage in 
Escherichia coli were isolated. One of these added 
methyl groups to DNA while the other cut DNA 
at specific sequences i.e., restriction endonuclease. 
To restrict the growth of bacteriophage, the E. coli 
recognises and cut foreign DNA into pieces by 
restriction endonucleases. And in order to prevent 
cleavage of its own DNA by these enzymes, it 
modifies its DNA by adding methyl groups. And 
thus remain unrecognised. 


18. Differences between action of exonucleases 
and endonucleases are as follows : 


Exonucleases Endonucleases 


(i) | These nucleases | They cleave DNA at 
cleave base _pairs| any point except the 
of DNA at their| terminal ends. 
terminal ends. 
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They cleave 
strand or 4 
strands of doub 
stranded DNA. 


They may cut RN N 
5; : 
















ingle 
(ii) |They act on sing 
strand of DNA 
or gaps in double 
stranded DNA. 
They do not cut 


7. 
me, 
` 
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19. Restriction endonuclease such as Econ 
HindIII, Bam HI acts as molecular scissors g 
chemical scalpels. They serve as the tools for 
cutting DNA molecules at specific palindromi | 
sites, which is the basic requirement for pene 
cloning or recombinant DNA technology, 


20. EcoRI is a restriction endonuclease en 

| 5’-GAATTCy 
3’-CT TAAG-§ 
in DNA duplex and cuts each of the two strand 
between G and A. On the other hand, exonuclease - 
remove nucleotide from the terminal ends of 
DNA in one strand of duplex. Hence, EcoRI cut | 
each of the two strand of DNA duplex at specific 
point whereas exonuclease remove nucleotide 
from the terminal ends (either 5’ or 3’) of DNA 
in one strand of duplex. 


it recognises base sequences 


| 
21. Agrobacterium tumefaciens is a sol- 
inhabiting bacterium that may invade growing 
plants at the junction of root and stem, whereit 
can cause a cancerous growth known as a crown | 
gall. A. tumefaciens contains Ti plasmid which 
carries gene for tumour formation. For using 
Agrobacterium tumefaciens as a cloning vectot 
researchers deleted the genes which govem 
auxin and cytokinin production (the oncogene) | 
from T-DNA of Ti plasmid. It is known a 
disarming. After disarming, this T-DNA s 
inserted into chromosomes of the host pli! 
where it produces copies of itself. 


| 
22. When restriction enzymes cut the sran 
of DNA a little away from the centre of OY 
palindromic Sites, between the same two be 
on the opposite strands, it leaves single strane | 
portions at the ends. This forms overhang!” 
stretches called sticky ends on each strand. Yi 
are called sticky as they form hydrogen ae 
with their complementary cut counterparts H 
stickiness of the ends facilitates the action he 
enzyme DNA ligase. 
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33. Origin of replication (ori) site in cloning 
vector PBR322 is a sequence from where 
replication starts. Any piece of DNA when linked 
to this sequence can be made to replicate within 
host cell. Restriction site within the markers tet® 
and amp? genes permit an easy selection for cells 
transformed or the recombinant pBR322. 


24. Restriction nucleases acts as molecular 
scissors or chemical scalpels. Each restriction 
endonuclease functions by ‘inspecting’ the length 
of a DNA sequence. Once it finds its specific 
recognition sequence, it will bind to the DNA 
and cut each of the two strands of the double 
helix at specific points in their sugar-phosphate 
backbones. Each restriction endonuclease 
recognises a specific palindromic nucleotide 
sequence in the DNA. 


95. Insertional inactivation refers to the process 
where insertion of rDNA within the coding 
sequence of an enzyme causes its inactivation. 
The non-recombinants having intact functional 
gene e.g. B-galactosidase produce blue colour 
with chromogenic substrate but when rDNA is 
inserted within the coding sequence of enzyme 
B-galactosidase, recombinants do not produce 
any colour. Hence recombinants can be<easily 
differentiated from non-recombinants due to 
insertional inactivation. 
26. The palindrome sequence in DNA is a 
sequence of base pairs that reads same on the two 
strands when orientationgof reading is kept the 
same. 
For example, the following sequences reads the 
same on the two strands in 5° => 3’ direction. This 
is also true if read in the 3\— 5 direction. 

5’ - GAAT. 

3’ - CITAAG-5’ 
27. Competent host is essential for biotechnology 
experiment. Since DNA is a hydrophilic molecule, 
it cannot pass through membranes, SO the bacterial 
cells must be made capable to take up DNA 4.2., 


made competent. 


This can be achieved by : | 
(i) Treatment of DNA with divalent cation of 


CaCl, or rubidium chloride : Treating them with 
a specific concentration of a divalent cation, 
increases the efficiency with which DNA enters 
the bacterium through pores in its cell wall. | 

(ii) Heat shock treatment of DNA: Recombinant 
DNA (rDNA) can then be forced into such 
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cells by incubating the cells with recombinant 
DNA on ice, followed by placing them briefly at 
42°C (heat shock) and then putting them back 
on ice. This enables the bacteria to take up the 
recombinant DNA. 


28. (a) Refer to answer 18. 

(b) Refer to answer 24. 

29. (a) If the recombinant DNA bearing 
ampcillin resistant is transferred into E.coli 
bacteria, it will confer resistance to ampicillin 
and therefore will grow on ampicillin containing 
medium. However the non-transformants will 
not grow on same medium, The recombinants 
or transformed E.coli cam be selected by use of 
selectable markers. The»transformants must be 
plated on a plate bearing ampicillin containing 
medium. Hence, transformants can be selected 
from non-transformants. | 

(b) Ampicillin resistant gene acts as selectable 
marker and helps in selecting the transformant in 
the above case. 

30. Refer to answer 27. 

31. Four ways to form a desired DNA segment 
intoa host cellare (i) Electroporation, (ii) Chemical 
mediated gene transfer (iii) Microinjection and 
(iv) biolistic gun. 

32. Refer to answer 27. 

33. (a) Refer to answer 18. 

(b) Two examples of endonucleases other than 
Sall are EcoRI and HindIII. 

34. (a) Refer to answer 25. 

(b) Inthis method, insertion of recombinat DNA 
in the coding sequence of enzyme B-galactosidase 
causes its inactivation hence named insertional 
inactivation. 

35. DNA fragments can be seen only after 
staining. Ethidium bromide is used to stain DNA 
fragments followed by exposure to UV radiation. 
This gives bright orange colour to DNA fragments 
which helps to view separated DNA fragments. 
36. Biological or key tools used in recombinant 
DNA technology are : 

(i) Enzymes: Different kinds of specific enzymes 
used in recombinant DNA technology are lysing 
enzymes (Used to open up the cells to get DNA), 
it includes lysozyme, cellulose and chitinase and 
cleaving enzymes (enzymes used to breuk DNA 
molecules) it includes exonuclease, endonuclease 
and restriction endouclease. 
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ii 
“ad Sigve : These are DNA molecules 
l y foreign DNA se d 
replicate inside a h gene 
E eia ost cell. It may be plasmids, 
Girsihiomne ae cosmids, Yeast Artifical 
Chr S), Bacterial Artifical 
Tromosomes (BACs) and viruses. 
(iii) Competent host A competent host is 
essential for transformation with recombinant 
DNA. It includes DNA mediated or vector 
mediated gene transfer and direct or vectorless 
gene transfer (microinjection, electroporation, 
chemical mediated gene transfer, biolistic method 
or gene gun method). 


37. Refer to answer 21. 


38. Recombinant vectors are created by cutting 
the vector and source DNA using the same 
restriction enzyme. This results in production of 
complementary ‘sticky ends. DNA ligase help in 
linking alien DNA with the plasmid DNA. 

Same restriction enzyme is used for creating one 
recombinant vector because it recognises and cuts 
the DNA at a particular sequence (recognition 
site) and create sticky ends. 


39. Refer to answer 22. 


40. (a) Recognition sequence of EcoRI is 

5' - GAATTC-3' 

3’ - CT TAG-5" 
Such sequences are called palindrome sequence. 
(b) Restriction endonuclease recognise the base 
sequence at palindrome site in DNA duplex and 
cuts its strands. 
41. Presencé of the insert within a gene results 
in insertional inactivation of the enzyme 
6-galactosidase, hence bacterial colonies do not 
produce any colour. Therefore, bacterial colonies 
with cloning vector A are colourless as they 
are recombinants with the insert and bacterial 
colonies with cloning vector B are blue coloured 
as they are non-recombinants. 
42. DNA is isolated in purified form from a 
bacterial cell in following steps: 
(i) Break the cell to release DNA along with 
macromolecules. This can be done by 


other 
with enzymes like lysozyme in case 


treating cells 
of bacteria, cellulas 


chitinase for fungus. | 
(ii) RNA and proteins are also present with 


DNA. These can be removed by ribonuclease and 


proteases respectively. 


e in case of plant cells and 
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ee > ylecules (if 
(iii) Similarly other mores’ (if any) č 


removed by appropriate treatments. 
(iv) Purified DNA can be enemy ut af 
hilled ethanol and DNA fragme 


treating with € | 
g threads in the suspension ` 


can be seen as fine 
43. Refer to answer 21. 

44, Agarose Is a commonly used as m atri 
agarose gel electrophoresis. It is extracted from iS 
weeds. In recombinant DNA technology, ag arog 
used to separate DNA fragments according to hes 


size. 
45. (a) Restriction enzymes : 
belongs to the lass of enzymes nuclea 
which breaks nucleic acids by cleaving their 
phosphodiester bonds. They are of (WO type 
exonucleases and endonucleases. Exonucleasg 
remove nucleotides from the ends of DNA 
The’ eutting of DNA at specific location 
within the DNA strand is possible with th | 
help `of ‘molecular scissors’ called restrictigy 
endonuclease. Restriction endonucleases mak | 
highly specific internal cuts in the DNA strand 
These enzymes recognise palindromic site | 
within the DNA duplex and cut its strands by 
hydrolysing the phosphodiester bonds. Their 
single stranded free ends are called sticky ends 
which can be joined end to end by DNA ligases. 
Restriction endonucleases serve as a tool for 
cutting DNA molecules at predetermined sites, | 
which is the basic requirement for gene cloning | 
| 


or recombinant DNA technology. For example, | 
restriction endonuclease Eco RI found in the 

colon bacteria Escherichia coli, recognises the base | 
sequence GAATTC in DNA duplex and cuts its | 
strands between G and A as shown below: | 


5'-GAATTC-3' 
3'-CT TAAG-S' 
T 





(b) Plasmids : They are extra-chromosomah 
self-replicating, usually circular, double-stra | 
DNA molecules that are found naturally in ma} 
bacteria and also in some yeast. Although plas 

are usually not essential for normal cell gO" 
and division, yet they often confer some 
on the host organism, for example, resistan 
certain antibiotics or toxins that can be 4 select 
advantage under certain conditions. The plas 
molecules may be present as single copies g 
multiple copies (500-700) inside the host orga 


Do 


vy 


pole chnology : Principles and Processes 


These naturally occurring plasmids have been 
modified pe. Sere oa vectors in the laborato 
plasmids are essential in biotechnological este 
they help in transferring a segment of foreign DNA 
ene of interest) into suitable host. Ti plasmid is 
widely used vector for cloning genes in plants. The 
most widely used, versatile, easily manipulated vector 
pR322 is an ideal plasmid vector. It was the first 
yrtificially cloned vector and is used widely in gene 
Joning experiments. The plasmids are cut and ligated 
with desired genes and transformed into the host 
-ell for amplification to obtain the desired products. 
some plasmids have antibiotic resistance genes which 
can be used as marker genes to identify recombinant 
plasmids from non-recombinant ones. 
46. (a) The cutting of DNA at specific locations 
is possible with the help of ‘molecular scissors 
called restriction endonuclease. Restriction 
endonucleases make highly specific internal cuts 
in the DNA strand. These enzymes recognise 
palindromic sites within the DNA duplex and 
cut its strands. Their single stranded free ends are 
called sticky ends which can be joined end to end 
by DNA ligases. 
(b) DNA fragments can be separated by gel 
electrophoresis. In this process; DNA strands 
(negatively charged) are separated by forcing 
them to move towards the anode under an electric 
field through a medium/ matrix, Now-a-days the 
most commonly used matrix is agarose gel which 
is a natural polymer extracted from s 
The DNA fragments separate (resolve) according 
to their size through sieving effect provided by 
the agarose gel. Hence, the smaller the fragment 
size the farther it moves. The separated DNA 
fragments can be visualised only after staining 
the DNA with a compound known a> ethidium 
bromide followed by exposure to UV radiation. 
(c) In pBR322, selectable markers are antibiotic 
resistance gene that help to identify transformants 
and eliminate non-transformants. 
PBR322, there are present two resistance pens 
tetracycline resistance (tet?) and ampicillin 
resistance (amp}). 
47. (a) Palindromic nucleotide sequences "ad 
ase pair sequences that are the same when ok 
forward (left to right) or backward (right to le 


from a central axis of symmetry: 


as 


ea weeds. 


In case of 
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This special sequence in the DNA is recognised 
by restriction endonuclease and once restriction 
endonuclease recognises this specific palindromic 
sequence, it binds to the DNA and cuts each of the 
two strands of the double helix at specific points 
in their sugar phosphate backbone. Restriction 
enzymes cut the strand of DNA alittle away from 
the centre of the palindrome sites but between 
the same two bases of the opposite strands. This 
leaves single stranded unpaired bases at cut ends. 
These ends with unpaired bases are called sticky 
ends or cohesive ends. The latter are named so 
because they form hydrogen bonds with their 
complementary cut counter parts. The sticky ends 
facilitate the action of the enzyme DNA ligase. _ 
(b) Restriction | endonuclease recognises 
palindromic sequences in DNA and cuts them. 
These ends can be joined to form recombinant 
DNA. 

48. (a) Plasmid pBR322 is a most widely 
used cloning vector. It has two resistance genes 
ampicillin resistance (amp?) and tetracycline 
resistance (tet®) which are considered useful as 
selectable markers. Selectable markers help in 
identifying and eliminating non-transformants 
and selectively permitting the growth of 
transformants. Bacterial cells containing 
recombinant pBR322 will be unable to grow 
in the presence of ampicillin, but will grow on 
tetracycline. 

(b) Selection of recombinants due to 
inactivation of antibiotics is a cumbersome 
procedure because it requires simultaneous 
plating on two plates having different antibiotics. 
Therefore, alternative selectable markers have 
been developed which differentiate recombinants 
from non-recombinants on the basis of their 
ability to produce colour in the presence of a 
chromogenic substrate. In this, a recombinant 
DNA is inserted within the coding sequence of 
an enzyme, [-galactosidase. This results into 
inactivation of the enzyme, which is referred 
to as insertional inactivation. The presence of 
a chromogenic substrate gives blue coloured 
colonies if the plasmid in the bacteria does not 
have an insert. Presence of insert results into 
insertional inactivation of the -galactosidase 
and the colonies do not produce any colour, these 
are identified as recombinant colonies. 
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49. (a) Refer to answer 2k 


(b) Biolistic gun helps in the process of gene 
transfer into the host cell without using a vector. 
In biolistic method or gene gun method, tungsten 
or gold Particles, coated with foreign DNA are 
bombarded into target cells at a very high velocity. 
This method is suitable for plants, but is also used 
to insert genes into animal that promote tissue 
repair into cells (particularly cancer of mouth) 


near wounds. It has made great impact in the field 
of vaccine development. 


50. After the cutting of DNA by restriction 
enzyme, fragments of DNA are formed. Separation 
of DNA fragments according to their size or 
length is done by a technique called agarose gel 
electrophoresis. 

It is a technique of Separation of molecules such 
as DNA, RNA or protein, under the influence 
of an electrical field, so that they migrate in the 
direction of electrode bearing the opposite charge, 
viz., positively charged molecules move towards 
cathode (-ve electrode) and negatively charged 
molecules travel towards anode (+ve electrode) 
through a medium/matrix. Most commonly.used 
matrix is agarose. 

DNA fragments separate according to size through 
the pores of agarose gel. Hence the smaller, the 
fragment size, the farther it moves, 

The separated DNA fragments can be seen only 
after staining the DNA with a compound known 
as ethidium bromide (EtBr) foll6wed by exposure 
to UV radiation..The fragments are visible as 
bright orange coloured bands. 


51. (a) Origin of replication (Ori) is a specific 
sequence of DNA bases which is responsible for 
initiating replication. It is also responsible for 
controlling the copy number of the linked DNA. 
(b) rop in pBR322 encodes for a protein involved 
in replication of plasmid. 

(c) HindIII is restriction site in pBR322. It is the 
site where HindIII endonucleaese make a cut so 
that a foreign DNA segment can be introduced to 
this vector. 


52. E. coli cloning vector pBR322 
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igj ication (ori) : This is a ge 

Origin of replica | due 
Rom where replication starts and any piece ` 
DNA when linked to this sequence can be b 
to replicate within the host cells. This segue i 
also responsible for controlling the copy Numb" 
the linked DNA. So, if one wants to recover á 
copies of the target DNA it should be clone i J 
vector whose origin support high copy nuk, 
rop : rop codes for protein involved jp t 
replication of plasmid amp": gene for ampicil, 
resistance which help in selecting transform 


53. 


atys, 





PstI Tetracyt 
Ampicillin hen 
resistance et”) pene 


(amp?) gene 


Segments of a vector and a foreign DNA with the 
sequence of nucleotide recognised by EcoRI. 








| 
Vector DNA segment and foreign DNA seg 
after the action of EcoRI. 


55.. (a) Refer to answer 50. 


(b) The Product obtained can be used !" 
following Way : 


j 








Biotechnology : Principles ang Processes 


‘) Fragments of DNA i 

7 construct a recombinant ted rine thai 
joining them with cloning vector = Py 
(ii) The desired DNA fragment can be 
using polymerase chain reaction (PCR) 


56. Refer to answer 53, 
57. (a) Refer to answer 24, 

(b) Refer to answer 51 (a), 

(c) Refer to answer 50. 

58. Refer to answer 27, 

59, Refer to answers 24 and 50. 


60. (a) Restriction endonucleases 
because they cut DNA du 
Their single stranded free 
ends which can be joine 
ligases. 

(b) Refer to answers 26 and 22. 
61. (a) Refer to answer 54 (a). 
(b) Refer to answer 54 (b). 


62. (a) The vector shown is inserted into 
Escherichia coli to get the copies of the desired 
gene. 

(b) Origin of replication (ori) is a sequence from 
where replication starts and is also responsible for 
controlling the copy number of the linked DNA. 
(c) The sequence amp® and tet® are considered 
useful selectable markers. The given vector 
shows amp® selectable marker. Vector requires 
a selectable marker, because it helps in 
identifying and eliminating non - transformants 
and selectively permitting the growth of the 
transformants. Also refer to answer 29. 


63. (a) Enzyme EcoRI is named as follows : 
The capital letter E comes from the genus 
Escherichia : The letters co are derived from 
the species name coli. The letter R is from RYI3 
(strain). The Roman number I indicates that it 
Was the first enzyme isolated from the bacterium 
E. coli RY13. 

(b) Refer to answer 20. 


64. (a) Refer to answer 50. 

(b) Refer to answer 50. 

(c) Refer to answer 50. 
65. (a) Selectable marker in given N 
vector pBR322 are ampicillin ee ae A 
and tetracycline resistance gene(d). as ier 
selecting transformant from non-trans O 

ones, 


amplified 


are so called 
plex at specific points. 
ends are called sticky 
d end to end by DNA 
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(b) Refer to answer 48 (b). 
66. Refer to answer 50. 


67. (a) Refer to answer 63 (a). 
(b) Refer to answer 20. 
(c) Refer to answer 20. 


68. Genes encoding resistance to antibiotics 
are considered useful selectable markers for 
E. coli cloning vector because they help in selecting 
transformant cell from non-transformant ones. 

The genes encoding resistance to antibiotics 
such as tetracycline, ampicillin, kanamycin 
or chloramphenicol etc. are useful selectable 
markers for E. coli. The common E. coli cells are 
not resistant to any of these antibiotics. Plasmid 
pBR322 has two antibiotic resistance genes - 
ampicillin resistance (amp®) and tetracycline 


resistance. (tet?) which are considered useful for 
selectable markers. 


The presence of restriction sites within the markers 
tetR and ampR permits an easy selection for cells 
transformed with the recombinant pBR322. For 
example, insertion of the DNA fragment into the 
plasmid using enzyme PstI or Pvul places the 
DNA insert within the gene amp®. This makes 
amp? nonfunctional. Bacterial cells containing 
such a recombinant pBR322 will be unable to 
grow in the presence of ampicillin, but will grow 
on tetracycline. 

69. (a) Refer to answer 19. 


(b) ‘The first discovered restriction endonuclease 
was HindIl. 


70. (a) Palindromic nucleotide sequence for 
the given DNA segment is : 3’ CTTAAG-5’ 

(b) Refer to answer 20. 

(c) Refer to answer 22. 


71. (a) Desirable DNA sequences are cut by the 


use of enzyme restriction endonuclease. Also refer 
to answer 22. 


(b) Refer to answer 50. 

(c) DNA ligase help to join resultant fragments to 
the vector DNA molecule. Also refer to answer 13. 
72. In recombinant DNA technology, enzymes 
that are used for isolation of DNA from bacterial 


and fungal cells are lysozyme and chitinase 
respectively. 


73. (a) A cloning vector must possess the 
following characterstics: 


el i eee” 
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G) Origin of replication (Ori) : Ori is a 
sequence from where replication starts and is also 


responsible for controlling the copy number of 
the linked DNA. 

Gi) Selectable marker : Selectable markers help 
in Selecting transformant host cell from non- 
74. (a) 


transformant poe A vector must have uniqy, 
(iii) est i to link foreign DNA. Presence, 
a enzyme to cut the vector DNA. 


(b) Refer to answer 27. 


Enzyme cuts both DNA 


EcoRI cuts the DNA between bases 
strands at the same site. 


G and A only when the a Seer 
GAATTC is present in the DNA. 


Foreign DNA 
Y 


Vector DNA Vv 





| 
eee | 
Sticky End | 


DNA Fragments Join at Sticky Ends 
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DNA Ligase 
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Recombinant DNA 


| 
f i A 
Steps in the formatiòn of recombinant DNA by action of restriction enzyme EcoRI 
| 


(b) Refer to answer 50. 79. Twocommo 
75. Refer to answer 27. 


nly used bioreactors are: 
(i) Simple stirre 


d-tank bioreactor 
(ii) Sparged Strirred-tank bioreactor 


Bioreactors are used for large scale production of 
biological Products. 


76. Taq DNA polymerase is isolated from 
thermophilic bacterium Thermus aquaticus. It is 


used to synthesise the segment of DNA between 
the primers (extension) in pol 


ymerase chain 
reaction at high temperatures, 


77. Thermophilic bacterium Thermus aquaticus 


is the source of thermostable DNA Taq 
polymerase. 


78. Taq polymerase is a thermostable DNA 
polymerase isolated from thermophilic bacterium 
Thermus aquaticus. Taq polymerase is heat stable 
enzyme and is able to withstand high temperature 
induced denaturation of DNA during PCR hence 
it is preferred in PCR reactions. 


80. Refer to answer 76, 


| 
| 
81. Refer to answer 76 and 78 | 
82. (a) The two Sets of primers (sta 
chemically synthesised oligonucleotides thal 
are comple | 


are required in each cyc] 


reaction, Primers hybridis 
and allow sy i 


€ of polymerase chain 
e to target DNA regio’ 





gile chnology : Principles and Processes 

3, Genetic engineering refers to artificial 
„ynthesis, isolation, modification, combination, 
¥ Jition and repair of genetic material (DNA) 
o alter the phenotype of the host organism 
sul human needs. It includes formation 
f recombinant DNA, use of gene cloning in 
ane transfer. Process of rDNA technology 
“avolVes (i) Isolation of genetic material, (ii) 
cutting of DNA at specific locations, (iii) 
Amplification of gene of interest using PCR, 
(jv) Preparation and insertion of rDNA, into host 
cell and (v) obtaining desirable gene product. 


g4. Taq DNA polymerase isolated from 
thermophilic bacterium Thermus aquaticus 
synthesises the DNA region from gene of 
interest between the primers, using dNTPs 
(deoxynucleotide triphosphates) and Mg?*. The 
primers are extended towards each other so that 
the DNA segment lying between the two primers 
is copied. It is stable even at high temperatures. 


85. Refer to answer 76 and 84. 


86. Recombinant protein is a protein obtained 
by introducing recombinant DNA into a 
heterologous host and causing it to produce the 
gene product. 

Bioreactors are vessels in which raw materials 
are biologically converted into» specific 
products. A bioreactor provides the optimal 
conditions for achieving the desired product 
by providing optimum «growth conditions 
(temperature, pH, substrate, salts, vitamins, 
oxygen). To maintain a higher yield, optimum 
temperature must be maintained and suitable 
pH must be provided. 

87. Refer to answer 76 and 78. 


88. (a) Small volume cultures cannot give large 
quantities of the product. So, the large scale 
Production (100-1000 litres) of the products is 
Carried out in bioreactors. Bioreactors are vessels 
in which raw materials are biologically converted 
Into specific products by microbes, plants and 
animal cells and their enzymes. It provides 
Optimal growth conditions such as temperature, 
PH, substrate, vitamins, oxygen and salts. This 
‘ype of culturing method produces a larger 
lomass to get higher yields of desired proteins. 

The most commonly used bioreactor 1s 
Stirred tank bioreactor. It consists of a large 
Stainless steel vessel with a capacity of upto 500,000 
m* around which there is a jacket of circulatory 
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. a he 
water used to control the temperature within t 


bioreactor. An agitator with a series of flat ran 
ensure thorough mixing of contents rotated wit 
the help of a motor so that nutrients come 1n close 
with the micro-organisms. It also prevents setting 
out of the cells at the bottom. Bioreactor also has 
adequate arrangement for aeration, temperature 
and pH control. Sparger is a porous ring at the 
bottom of the tank which aerates the culture. There 
are a number of ports through which materials 
can be introduced or withdrawn. A harvest line at 
the base of the tank extracts the culture medium 
and microbial products. To detect and regulate 
the pH and temperature changes, tank is fitted 
with certain probes. 

89. Recombinant DNA technology can be used 
to obtain foreign-gene-products. It involves 
following steps : 

(i) Isolation of genetic material (DNA) using 
enzymes. 

(ii) Identification and cutting of DNA from 
specific location using restriction enzymes 
and separating the fragments of DNA 
using gel electrophoresis to obtain gene of 
interest. 

(iii) Amplification of gene of interest using PCR. 
(iv) Adding or ligation of gene of interest 
into suitable vector using ligase enzymes. This 
produces a recombinant DNA molecule. 

(v) Insertion of recombinant DNA into the host 
cell or organism. 
(vi) Selection of 
recombinants cells. 
(vii) Culturing recombinant cell under suitable 
conditions and obtaining the desired foreign- 
gene-product. 


recombinants from non- 


90. In the process of PCR (polymerase chain 
reaction), the role of heat, primer and Thermus 
aquaticus is as follows: 

(i) Heat - This step is known as denaturation. In 
this, the target DNA is heated to a high temperature 
(94° to 96°C) resulting in the separation of two 
strands, 

(ii) Primer : In this step, ie., annealing, the 
two oligonucleotide primers anneal to each of 
the ssDNA template since the sequence of the 
primers is complementary to the 3’ ends of the 
template DNA. Presence of primer is important 
for polymerisation to take place. Temperature 
(40°C - 60°C) is kept low depending on th 

length and sequence of primers. j 
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Gii) Thermus aquaticus : It is 
of thermostable 
polymerase). It is us 
called polymerisatio 
of DNA region b 
deoxynucleoside tri 
91. The se 
PCR. 


a source 
DNA polymerase (Taq 
ed in the final step of PCR 
n. This helps in synthesis 
etween the primers, using 
phosphates and Mg**, 


quence of steps shows the reaction of 


Denaturation of ds DNA 
L 


Genomic DNA template 
J 


Chemically synthesised oligonucleotides (Primers) 
J 
Complementary regions of DNA 
J 


Thermostable DNA polymerase (Enzyme 
polymerase) (from Thermus aquaticus) 


dNTPs (Nucleotides) provided 
ļ 


In vitro synthesis of copies of DNA of interest 


92. Polymerase chain reaction (PCRS a 
technique of synthesising multiple copies of the 
desired gene (DNA segment) in vitto The basic 
requirements of PCR are DNA template, two 
oligonucleotide primers usually 20. nucleotides 
long, dNTPs and DNA polymerase which is stable 
at high temperature (usually Taq polymerase), 
Working mechanism of PCRis as follows - 

(i) Denaturation : The target DNA (DNA 
segment to be amplified) is heated to high 
temperature (94°C), Heating results in the 
separation of two strands of DNA. Each of the two 
strands of the target DNA now act as template for 
synthesis of new DNA strand. 

(ii) Annealing During this step, two 
oligonucleotide primers hybridise to each of 
single stranded template DNA in presence of 
excess of synthetic oligonucleotides, 

(iii) Extension : During this step, the enzyme DNA 
polymerase synthesises the DNA segment between 
the primers. Taq DNA polymerase, isolated from a 
thermophilic bacterium Thermus aquaticus, is used 
in most of the cases. This step requires presence of 
deoxynucleotide triphosphates (ANTPs) and Mg?* 
and occurs at 72°C. 
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3. 


O 


Isolation of DNA fragments or gene to be cloned 


The purified DNA is cut by the restriction enzyme Ecok) | 


Insertion of isolated gene in a suitable plasmid Vector | 


inant DNA into a suitab] 
tion of the recombinan e cal 
Introducti called Kost 


| - ll, and identification TE 
tion of transformed host cell, Ol the 
ae containing the desired gene/DNA fragment 


Multiplication / expression of the introduced gene jp the 
host. 

94. (a) Refer to.answer 92. 
(b) Refer toanswer 78. | 
95. A bioreactor is a device in which a Substrate 
of low value is utilised by living cells or enzymest, 
generate a product of higher value. These are used | 
for food processing, fermentation, waste treatment 
etc. Ihe most commonly used bioreactors are gf 
stirring type. Stirring type bioreactors may be (i) 
Simple stirred tank bioreactor and (ii) Sparged 
stirred - tank bioreactor. Two components ofa 
simple stirred tank bioreactor are cooling jacket | 
and stirrer blades. 
96. (a) Refer to answer 88. 
(b) Refer to answer 95. 
97. Refer to answer 92. 
98. Refer to answer 86. 
99. (a) A > 
identified by EcoRI 
B — rop gene, which codes for protein involved it | 
replication of plasmid 

(b) A and C are called 
sequence of base pai 

(left to right) or b; 
central axis of s 


(c) PCR- Polymerase chain reaction PCR is used"? 
amplify segme 


nt of DNA or gene of interest in vitro. 
100. Refer to answer 22. | 
101. Refer to answer 92, 
(b) (b) Applications of PCR: 
(i) Diagnosis of pathogens 
(ii) Diagnosis of specific mutations 
(iii) DNA fingerprinting 
(iv) In prenatal diagnosis 
(v) In gene therapy. 


102. (a) Refer to answers 19 and 22. 
(b) Refer to answer 92. 
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its Applications 





12.1 Biotechnological Applications in Agriculture 12.3 Transgenic Animals 
12.2 Biotechnological Applications in Medicine 12.4 Ethicallssues 
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Topic ——> 
x rere KA É of Biotechnologh al es asked from Biotechnological Applications ‘in 
| Agriculture. | 


_ Applications in Medicine. ee 
» “Maximum VSA and SA I type a bllestions D Maximum TA type of questions were 





were asked from _Biotechnological asked from Biotechnological applications in i 
Applications in Medicine. ae Agriculture and Biotechnological Applications in if 
» Maximum SA Il type of questions were Medicine. | 
QUICK RECAP 
© Maedéern biotechnology provides and have safer and more efficient industria] 
breakthrough solutions and technologies manufacturing processes. 


to combat debilitating and rare diseases, © Nesautctomennctlatedincloey Sitios 
reduce our environmental footprint, feed ng 


are three research areas of biote ; 
the hungry, use less and cleaner energy, chnology : - 





294 CETA CBSE Champion Biology Clagg r 


k Psa l timal conditions th 
viding the best c ; Creating OP" Toy 
— eS engineering for a catalyst to act, and 


im ; . 
proved organism ; generally a microbe or > Downstream processing technologies 
pure enzyme. purify the protein/ organic compound. 


gh 





BIOTECHNOLOGICAL APPLICATIONS IN AGRICULTURE 


"a agriculture; Organic agriculture. 
© There are three options to increase the food production : Agrochemical based agric r8 SUiculture , and 


Genetically engineered crop - based agriculture. 2 age nde salscient towed Th 7 
The green revolution succeeded in increasing the food production but it W as no Foie a ne gro 
human population. One solution of this problem is use of genetically modified = ied mie a 7 snc 
fungi and animals have been changed by manipulations, therefore, these organisms are Cc y lodificg 
Organisms (GMOs). 

GM plants have been useful in many ways. Genetic modification has: 
made crops more tolerant to abiotic stresses (cold, drought, salt, heat). 

reduced reliance on chemical pesticides (pest-resistant crops). 

helped to reduce post harvest losses. 7 l 
increased dey of mineral usage by plants (this prevents early exhaustion of fertility of soil). 
Enhanced nutritional value of food, e.g., vitamin # enriched rice. 
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Production of Transgenic Plants 
© The plants in which foreign genes have been introduced through genetic engineering are called transgenic plants, 


© The vector used to introduce new genes into plant cells is most often a plasmid from the soil bacterium Agrobacterium 
tumefaciens. This is the Ti plasmid (tumour inducing plasmid), so called because in nature, it induces tumours in 







broad leaf plants. i l 
© The part of Ti plasmid transferred into plant cell)DNA, is called the T-DNA. This T-DNA with desired DNA spliced 


into it, is inserted into the chromosomes of the host plant where it produces copies of itself, by migrating from one 
chromosomal position to anotherat random. Such plant cells are then cultured, induced to multiply and differentiate 
to form plantlets. Transferred into soil, the plantlets grow into mature plants, carrying the foreign gene, expressed 









throughout the new plant, 


Bt cotton (Insect Resistance Plant) 


© Soil bacterium Bacillus thuringiensis produces proteins that kill certain insects like lepidopterans (tobacco budworm, 
armyworm), coleopterans (beetles) and dipterans (flies, mosquitoes). B. thuringiensis forms some protein crystals. 
These crystals contain a toxic insecticidal protein. 

© The Bt toxin proteins exists as inactive protoxin but once an insect ingests the inactive toxin it is converted into an 
active form of toxin due to the alkaline pH of the alimentary canal and cause death of the insect. 

© Bt-toxin genes were isolated from Bacillus thuringiensis and incorporated into the several crop plants such as cotton. 
The toxin is coded by a gene named cry. Two cry genes cryIAc and cryIIAb have been incorporated in cotton. This 
genetically modified crop is called Bt cotton as it contains Bt toxin genes against cotton bollworms. Similarly, crylAb 


has been introduced in Bt corn to protect the same from corn borer. 











Pest Resistant Plants 


A nematode Meloidogyne incognita infests the roots of tobacco plants and causes a great reduction in yield. A nove 
strategy was adopted to prevent this infection that was based on the process of RNA interference (RNAi). RNA interference 
is the phenomenon of inhibiting activity of a gene through production of sense and antisense RNA. 

This method involves a specific mRNA silencing. The result was that the parasite could not survive in a transgenic host 
expressing specific interfering RNA. ‘The transgenic plants thus got itself protected from the parasite. | 





Other Agricultural Applications 
o Some other agricultural applications are : | 
The protein hirudin prevents blood clotting. Its gene was chemically synthesised and introduced in Brassica | | 
napus. The seeds of the latter came to have hirudin which could be extracted and purified and used as medicine. | 
p>  ‘Flavr Savr’ tomato was the first transgenic variety to reach the market. Here inactivation of gene which products) 
polygalactouronase enzyme has been done. The non-availability of this enzyme prevents ove r-ripenis | 
because this enzyme is essential for degradation of cell walls. 
B» Golden rice is a transgenic variety of rice (Oryza sativa) which contains good quantities of B-caroten 
(provitamin A — inactive state of vitamin A). 


A 
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BIOTECH 
NOLOGICAL APPLICATIONS IN MEDICINE 


© The recombi 
Nant DNA t 
, echnologj 
mass production of safe an logical Processes have made great impact in the area of healthcare by 


d mor ; 

- e effe 

la ct 

pha maceutically valuable proteins h ive therapeutic drugs. A large number of human genes encoding 
was used as the host fo ave been cloned and expressed in microorganisms. Initially, E. coli 


r obvious rea 
. sons of ease i : ; 
or p . e ; rA 
f roduction of ecBilibiant wer se in cloning. But yeast is fast becoming the host of choice 



























Production of Genetically Engineered Insulin 


Human insulin is ma . 
© de up of 51 amino acids arranged in two polypeptide chains, A having 21 amino acids 


and B with 30 amino acids. Th 
. ” E two ol i ` ~ . . . 
S-S linkages. An S-S linkage also iiti eo eai are interconnected by two disulphide bridges or 


© In mammals, includi . 
called the C pepti À N E paT asa pro-hormone which contains an extra stretch 
removed during maturation into thsulin sa i C peptide is ng i V “n an yS À 
mature and functional hormone. Bacteria an pecan ~~ ‘3 ke props e ae 
the presence of introns in eukaryotic _ . H = made to a" eis insulin from its gene because of 
challenging to pro d ait À 5 es. acteria do nôt possess eneymes for removing introns. It was 
a S O, rDNA technigtie and to assemble insulin into its mature form. 
In 1983, Eli Lilly, an American company, prepared two DNA sequences corresponding to A and B chains 
of human insulin and introduced them in plasmids of E.coli to produce insulin chains. Chains A and B 
were produced separately, extracted and combined by creating disulphide bonds to form human insulin 


(“Humulin’). 







Gene Therapy 


aL 
> 
P 


Gene therapy is the technique of gemetic engineering to replace a faulty gene by a normal healthy 
functional gene. The first clinical gene therapy was given in 1990 to a 4-year old girl with adenosine 
deaminase (ADA) deficiency. This enzyme is very important for the immune system to function. 
SCID is caused due to defect in the gene for the enzyme adenosine deaminase. ADA deficiency can 
be cured by bome marrow transplantation and by enzyme replacement therapy, in which functional 
ADA is given to the patient by injection. But in both approaches the patients are not completely cured. 
However, if the isolated gene from bone marrow cells producing ADA is introduced into cells at early 


embryonic stages, if can be a permanent cure. 





















ibution of biotechnology as they provide protection against 
ires are not yet available. The effectiveness of vaccines may be 
once a dreaded disease the world over, has been completely 






nt an invaluable contr 
for which effective Cl 
ct that small pox, 


© Vaccines represe 
even such diseases 
appreciated from the fa 2 
adicated from the world. . o | 
ma ed under the following types : 


© ‘The various vaccines can be r 4 pathogens), purified antigen an J 
_ Conventional vaccines (live V ‘ides, DNA vaccines). 


. cci recombinant) 
- Recombinant vaccines ( ced with the help of genetic engineering 
Many new vaccines of great 1 a-days even ‘third generation vaccines’ 


techniques. These are called Pi 
. . e 
called synthetic vaccines, hav 












ccines, inactivate 
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have been produ 
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Iving Cases 
So g eon tt solving crimes, legal disputes, etc. Establishing the identity 
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ts, et criminals (e.g. in COS" of rape, murder, etc.), father (in 
i s, etc.)» | 
ad to solving the problems of crimes/cases. 
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TRANSGENIC ANIMALS 


© A transgenic animal contains in its genome, 
a gene or genes introduced by one or the 
other technique of transfection. The gene 


introduced by transfection is known as 
transgene. 


Advantages of Transgenic Animals 


© Many transgenic animals are designed to 
increase our understanding of how genes 
contribute to the development of disease. 


© Transgenic animals that produce useful 
biological products can be created by the 
introduction of the portion of DNA (or genes) 
which codes for a particular product such 
as human protein (a-1-antitrypsin) used to 
treat emphysema. Similar attempts are being 
made for treatment of phenylketonuria 
(PKU) and cystic fibrosis. In 1997, the first 
transgenic cow, Rosie produced human 
protein-enriched milk (2.4 grams per litre). 
The milk contained the human. alpha- 
lactalbumin and was nutritionally a more 
balanced product for human babies than 
natural cow milk. 


© Transgenic mice are being developed for use 
in testing the safety of vaccine before they are 
used on humans e.g. Polio vaccine. 


© Transgenicanimals are made that carry genes 
which make them more sensitive to toxic 
substances. than non-transgenic animals. 
Toxicity testing in such animals will allow 
us to obtain results in less time. 

© Genetically modified salmon was the first 
transgenic animal obtained for food 
production. 

Q Transgenic sheep have been produced to 
achieve better growth and meat production. 
For example, human genes for blood clotting 
factor IX and for ol-antitrypsin have been 
transferred in sheep and expressed in 
mammary tissue. 

© Dogie is a transgenic dog with excellent 


smelling power. 


y 
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ETHICAL ISSUES 

© Some ethical standards are required 
evaluate the morality of all human activi | 
that might help or harm living organism, | 
Therefore, the Indian Government ha. | 
up organisations such as GEAC (Geng 
Engineering Approval Committee), Whig 
will make decisions regarding the vali diy, | 
GM research and the safety of intro dug 
GM research, the safety of introducing gy 
organisms for public services. 


Q Ethics include a set of standards by whig 
a community regulates its behaviour a, | 
decides as to which activity is legitimate ang 
which is not. Therefore, bioethics may e 
viewed as a set of standards that may be useq 
to regulate our activities in relation to the 
biological world. 





© The main bioethical concerns pertaining | 


to biotechnology are briefly mentioned a 
follows: 

> Introduction of a transgene from one species 
into another species violates the ‘integrity 
of species. 

> Biotechnology may pose unforeseen | 
risks to the environment, including risk 
to biodiversity. Thus it could disturb the 
existing ecological balance. | 

> Transfer of human genes into animals | 
(and vice-versa) dilutes the concept of 
‘humanness. | 

> Use of animals in biotechnology causes great 
suffering to them. | 

> When animals are used for production d 
pharmaceutical proteins, they are virtual | 
reduced to the status of a ‘factory. | 

> Biotechnology is disrespectful to 
beings, and only exploits them for the bent | 
of human beings. | 


© Apatentis the right granted by agovern™ Z 
to an inventor to prevent others fro 
commercial use of his invention. 
patents are granted for biological € 
and for products derived from them» 





living 


titie® 
est 


a 


C 
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patents are called biopatents. Patent 

been taken out on plants such a oan 
pepper (Piper nigrum), basma Phan 
sativa), Indian mustard (Brassi 
pomegranate (Punica granat 
and neem. 


The Indian Parliament has recent] J 

the second amendment of the India, : rR 
Bill, that takes such issues into sondera 
including patent terms emergency ireiisioins 
and research and development initiative, 


Some organisations and multinational 
companies exploit and/or patent: biological 


resources or bioresources of other nations 


without proper authorisation . from -the 
countries concerned, this is called biopiracy. 


For example, a patent granted in U.S.A. - 
covers the entire ‘basmati’ rice germplasm 


indigenous to our country. 


ti rice (Oryza ‘ 
ca campestris), 
um), turmeric. 


o 
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Biowar is the use of highly infectious 


pathogens, their spores and toxins as agents 


of biological'weapons against humans, crops 


and animals of enemy country. The agent 
'- (virus, bacteria, fungus) is kept in a special 


container that keeps it in active/virulent state 
during delivery by missile or aircraft. Spray 


_and powder are two common forms in which 


the bioweapon agent is delivered. Potential 
pathogens for bioweapons. are Bacillus 
anthracis, Vibrio cholerae, small pox virus 
Pasteurella/Yersinia pestis, Botulinum toxin, 


etc. 


Bioweapons are almost invisible, low cost 


weapons which can cause more casualities 


_ than. conventional or ‘chemical weapons. 


Possible defence against them is gas mask 


or respirator, protective shelter, vaccination, 


antibiotics, decontamination and sensitive 


detection systems. | 
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mre re 


-1 Biotechnological Applications 


in Agriculture 


damak) 


S a 


What are Cry genes? In which organism are 
they present? (AI 2017) 


State the role of transposons in silencing of 
mRNA in eukaryotic cells. (AI 2013) 


Write the possible source of RNA interference 
(RNAi) gene. (Delhi 2013C) 


What happens when Meloidogyne incognita 
consumes cells with RNAi gene? 
(1/2, Delhi 2012) 


Biotechnologists refer to Agrobacterium 
tumefaciens as a natural genetic engineer of 
plants. Give reasons to support the statement. 

(AI 2011) 


How does dsRNA gain entry intoaeukaryotic 
cell to cause RNA interference? 
(Delhi 2011C) 


Name the cry genes that control cotton 
bollworm and corn borer respectively. 





8. 


10. 


11. 


12. 


(AI 2009C) 
IME (2marks) 
Write the functions of 
(a) cryIAC gene 
(b) RNA interference (RNAi). (AI 2015C) 


Why does Bt toxin not kill the bacterium that 
produces it, but kill the insect that ingests it? 
(Delhi 2014) 


What does ‘cry genes in Bacillus thuringiensis 
code for? State its importance in cotton crop. 
(AI 2014 C) 


Name the soil bacterium that produces a 
protein/chemical that is toxic to insect pests. 
Show with example that these are encoded by 
different forms of the genes. (AI 2012) 


How does ‘RNA interference’ take place in 


eukaryotes? Mention its importance. 
(Delhi 2012C) 
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13. 
14. 
15. 


16. 


EJN 6 mark)  — 


17. 


18. 
132. 


20. 
21. 


22. 
23. 


24. 


‘tobacco plant? 


W 
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List any four advantages of genetica] 
modified plants. (Delhi 20 120) 
Explain the process of RNA interference. 
(Delhi 2011) 
How is Bt cotton made to attain resistan 
against bollworm? (Delhi 20 1) 
Nematode specific genes are introduce 
‘nto the tobacco plants using Agrobacteriyn 
vectors to develop resistance in tobac 
plants against nematodes. Explain the event, 
that occur in tobacco plant to develo _ 
resistance. (Delhi 2009 





How has the use of Agrobacterium as vectors 
helped in controlling Meloidogyne incognita 
infestation in tobacco plants? Explain in 
correct sequence. (2018) 


Why do lepidopterans die when they feed on 


Bt cotton plant? Explain how does it happen. | 
(Delhi 2017) 
What is GMO? List any five possible | 
advantages of a GMO to a farmer. 
(Delhi 2016) 


How has RNAi technique helped to prevent 
the infestation of roots in tobacco plants bj? 


nematode Meloidogyne incognita? : 
(Delhi 2016 


One of the major contribution % 
biotechnology is to develop pest-resista! 
varieties of cotton plants. Explain how ith 
been made possible. (Foreign 20!) 


Describe any three potential applications ° 
genetically modified plants. ( 
(AI 2015 C, 20140" 
How did the process of RNA interferon 
help to control the nematode from infe j) 
the roots of tobacco plants? (Delhi ji 


, p 
(a) How has biotechnology helpet 
producing Meloidogyne incognita rest 








inh 
(b) Why does this nematode die 0” i 


sucha GM plant? (Delhi 2014 G? 


p 









) 


LAS (5 marks) 
33 


- Explain the application of biotechnology in 


34, 


35, 


gjotechnology and its Applications 


s, Name the pest that destroys the cotton bolls. 


explain the role of Bacillus thuringiensis in 
protecting the cotton crop against the pest to 
increase the yield. (AI 2013) 


_ How is the Bt cotton plant created as a GM 


lant? How is it protected against bollworm 
infestation? (Delhi 2013C) 


_ Name the nematode that damages the roots 


of tobacco plants. How is transgenic tobacco 
plant made resistant to nematode using 
biotechnology? (AI 2013C) 


_ Name the genes responsible for making Bt 


cotton plants resistant to bollworm attack. 
How do such plant attain resistance against 
bollworm attacks? Explain. (Delhi 2012) 


_ (a) Tobacco plants are damaged severely 


when infested with Meloidogyne incognita. 

Name and explain the strategy that is adopted 

to stop this infestation. 

(b) Name the vector used for introducing 

the nematode specific gene in tobacco plant. 
(AI 2012) 


. Name the insect pest that is killed by the 


products of crylAc gene. Explain how the 
gene makes the plant resistant to the insect 
pest. (AI 2010) 


. Name the source and the type of cry genes 


isolated from it for incorporation into crops 
by biotechnologists. Explain how have these 
genes brought beneficial changes in the 
genetically modified crops. (AI 2009) 


. What are cry proteins? Name an organism 


that produces it. How has man exploited this 
protein to his benefit? (Delhi 2009C) 





producing Bt cotton. (Delhi 2015 C) 


Name the process involved in the production 
of nematode-resistant tobacco plants using 
genetic engineering. Explain the strategy 
adopted to develop such plants. 

(Foreign 2011) 
(a) Why are certain cotton plants called 
Bt-cotton plants? 
(b) Explain how Bt-cotton is resistant to 
Pests, (Delhi 2011C) 
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36. One of the main objectives of biotechnology 
is to minimise the use of insecticides on 
cultivated crops. Explain with the help of 
suitable example how insect resistant crops 
have been developed using techniques of 
biotechnology. (Delhi 2009) 

37. Two of the steps involved in producing 
nematode resistance tobacco plants based 
on the process of RNAi are mentioned 
below. Write the missing steps in its proper 
sequence. 


b. Using Agrobacterium as vector 
introduce it into tobacco 








(AI 2009 C) 


12.2 Biotechnological Applications 
in Medicine 





38. Mention the chemical change that proinsulin 
undergoes, to be able to act as mature insulin. 
(2018) 


39. Suggest any two possible treatments that can 
be given to a patient exhibiting adenosine 
deaminase deficiency. (AI 2015) 


40. Why do children cured by enzyme- 


replacement therapy for adenosine 
deaminase deficiency need periodic 
treatment? (AI 2015 C) 

41. State the role of C peptide in human insulin. 
(AI 2014) 


42. A boy has been diagnosed with ADA 
deficiency. Suggest any one possible 
treatment. (Delhi 2014 C) 
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43. 


44, 


45. 





ISA 


47. 


48. 


49. 


50. 


51. 


IZ. 


oe 


54. 


55. 


56. 


57. 


How is proinsulin different from functional 
insulin in humans? (AI 2012C) 


Name any two techniques that serve the 
purpose of early diagnosis of some bacterial/ 
viral disease. | (Foreign 2011) 


Name a molecular diagnostic technique to 
detect the presence of a pathogen in its early 
stage of infection. (Delhi 2010) 


- How two short polypeptide chains of insulin 


are linked together? (Delhi 2009C) 


(2marks) _ 





What is gene therapy? Name the first clinical 
case in which it was used. (Delhi 2014) 


Why is proinsulin so called? How is insulin 
different from it? (AI 2014 C, 2013) 


(a) Name the deficiency for which first 
clinical gene therapy was given. 


(b) Mention the cause of and one cure for 
this deficiency. (AI 2014C, Delhi 2013) 


Write the functions of adenosine deaminase 
enzyme. State the cause of ADA deficiency in 
humans. Mention a possible permanent cure 
for an ADA deficiency patient. (Delhi 2013 ) 
Expand the following and 
application of each, 

(a) PCR (b) ELISA (Delhi 2013) 
Describe the gene therapy procedure for an 
ADA-deficient patient. (Delhi 2013) 
List any two molecular diagnostic techniques 
and write one application of each of them. 

(AI 2012C) 
How. is recombinant DNA technology 
helping in detecting the presence of mutated 
gene in cancer patients? (AI 201] C) 
Mention the steps undertaken dur 
therapy to treat an ADA-deficient p 


Mention one 


ing gene 


atient. 

(AI 2011C) 
Why is the introduction of genetically 
engineered lymphocytes into an ADA 


deficiency patient not a permanent cure? 


Suggest a possible permanent cure. 


(Delhi 2010) 
How did Eli Lilly synthesise the human 
insulin? Mention one difference between this 
insulin and the one produced by the human 
pancreas. 


(AI 2010, Delhi 2010 C) 





58. 


59. 


EMH (3 marks) 
— Ei Wa =. L 


60. 


61. 


62. 


63. 
64. 
65. 


66. 


67. 
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three molecular diagn, 


DSt 
t help detect pathogens ton 


i 


(a) List the 
techniques tha i 
suspected patients. | 
O) Mention the advantage of 4, | 
‘one | 

‘ques over conventiona Method 
techniq (Delhi 20050) 


Expand ELISA. On what principle is ELIs 


test based? List two ways by which 4 
infection can be detected by this test, | 


(AI 20090 | 


Explain the various steps involved jn N 
production of artificialinsulin. (AJ 2017) 


Explain enzyme- replacement therapy to trey 
adenosine. deaminase deficiency. Mention 
two disadvantages of this procedure, | 
(AI 2016 
Recombinant DNA-technology is of great 
importance in the field of medicine. With 
the help of a flow chart, show how this) 
technology has been used. in preparin 
genetically engineered human insulin. 
(Delhi, AI 2015) 


How did an American Company, Eli Lilly 
use the knowledge of rDNA technology to 





produce human insulin? (AI 2015) 
Mention the cause of ADA deficiency i! 
humans. 


How has genetic engineerin | 
helped patients suffering from it? (AI a 
How does the gene therapy help patient; 
with ADA-deficiency? {Al 20126), 
Expand the name of the enzyme ADA. i 
is this enzyme essential in human bod} 
Suggest a gene therapy for this deficiency 

(3/5, Al 200 


boon to biotechnology’ jus 
nt quoting the production 


‘Plasmid isa 
this stateme 


uman insulin as an example. (A1200) 
SLAs (S marks) _ E a j 
68. Explain the application of rDNA technol 
to produce insulin. Al a 

oa: H Name the source from which ns 


as extracted 
More used by | 
u 


(b) Explain $ 

ai the process of synthes |, 

che EX Ly "company, Ne 
ques used by the company. 


earlier, Why is this insulis | 
diabetic people? 











gent 0F99) and its Applications 
| 


How is the insulin produced by human 
body different from the insulin produced b 
the above mentioned company? (AI 20] D 
pescribe the various stages involved in gene 
transfer for the commercial production of 
human insulin by Eli Lilly. (Foreign 2011) 

How is mature insulin different from 
„insulin secreted by pancreas in humans? 


—a 
= 


p 
(b) Explain how was human functional 
insulin produced using rDNA technology. 


(c) Why is the functional insulin produced 
considered better than the ones used earlier 


by diabetic patients? (Delhi 2009) 
1), Give a schematic representation of gene 
therapy. (AI 2009C) 


19.3 Transgenic Animals 


animals? Give an 
(AI 2016) 


73, What are transgenic 
example. 


14, How have transgenic animals proved to be 
beneficial in: 
(a) Production of biological products 
(b) Chemical safety testing (AI 2014) 


75. Mention any four benefits derived from 
transgenic animals. 


(Delhi 2012C) 
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l. Cry genes are specific genes that encodes 

cry proteins. They are produced in Bacillus 
thuringiensis. Man had developed several 

tr ansgenic crops by introducing these genes from 

x Cteria to crop plants such as Bt cotton, Bt corn, 
c, 


2. Transposons also called as jumping genes, ASS 


ie source of complementary sRNA molecule 
'at binds to and prevents translation of mRNA 


silencing), 

>. Mobile genetic elements (transposons) and 
infection by viruses having RNA genomes are the 
Possible sources of RNAi gene: 


. When Meloidogyne incognita consumes cells 
mth RNAi gene, parasite cannot survive an 
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76. How is ‘Rosie’ considered different from 4 
normal cow? Explain. (AI 201 1) 


77. Highlight any four advantages of genetically 


modified organisms (GMOs). 
(Foreign 2009) 





(3 marks) 
78. (a) Why are transgenic animals so called? 
(b) Explain the role of transgenic animals in 
(i) vaccine safety and (ii) biological products 


with the help of an example each. 
(Delhi 2013) 


12.4 Ethical Issues 


AYN 
79, What is biopiracy? 

(Delhi 2017, AI 2016, Delhi 2015) 
up GEAC 
(AI 2016) 





(mark) E A7 


80. Mention two objectives of setting 
by our Government. 





My We2marks) eee 
81, (a) What is biopiracy? 
(b) State the initiative taken by the Indian 
parliament against it. (Delhi 2014) 
82. Biopiracy should be prevented. State why 
and how? (AI 2011) 


83. Describe the responsibility of GEAC, set up 
by the Indian Government. (Delhi 2009) 
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this prevents infestation. The introduced RNAi 
gene forms both sense and anti-sense RNA. Two 
strands being complementary to each other bind 
and form dsRNA, leading to RNAi. Then, the 
mRNA of nematode is silenced and is unable to 
— the protein so the parasite cannot survive 
there. 


5. Agrobacterium tumefaciens is called natural 
genetic engineer of plants because genes carried 
y its plasmid produce effect in several pa 
T nt. parts of the 
6. The dsRNA gains entry into a 
euk i 

either through ee 
(i) infection by viruses having RNA genom 
(ii) mobile genetic elements (transposcins) th 
replicate via an RNA intermediate. va 
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7. The genes crylAc and crylIAb control the 


cotton bollworms, whereas crylAb controls corn 
borer. E 


8. (a) crylAc gene controls cotton bollworms in 
Bt cotton. | 

(b) RNA interference (RNAi) takes place in all 
eukaryotic organisms as a method of cellular 
defense. This method involves silencing of a 
specific mRNA. 


9. Soil bacterium Bacillus thuringiensis produces 
proteins that kill certain insects like lepidopterans 
(tobacco budworm, armyworm), coleopterans 
(beetles) and dipterans (flies, mosquitoes) etc. B. 
thuringiensis forms some protein crystals. These 
crystals contain a toxic insecticidal protein. This 
toxin does not kill the Bacillus (bacterium) because 
it exists as inactive protoxins in them. But, once 
an insect ingests the crystals, it is converted into 
an active form of toxin due to the alkaline pH of 
the alimentary canal that solubilises the crystals. 

The activated toxin binds to the surface of mid gut 
epithelial cells and creates pores which cause cell 


swelling and lysis and finally cause deathoof the 
insect. 


10. cry genes code for certain crystal (cry) 
proteins that are toxic to insect larvae. The genes 
crylAc and cryIIAb control.cotton bollworm. 
When these genes are introduced into cotton 
plants through genetic engineering, these plants 
become resistant to the attack of cotton bollworm. 


11. Refer to answers.9 and 10. 


12. RNA interference (RNAi) is the phenomenon 
of inhibiting activity of a gene through production 
of sense and antisense RNA. RNAi takes place in 
all eukaryotic organisms as a method of cellular 
defense. This method involves silencing of a 
specific mRNA due to a complementary dsRNA 
molecule that binds to and prevents translation 
of the mRNA (silencing). The source of this 
complementary RNA could be from an infection 
by viruses having RNA genomes or mobile genetic 


elements (transposons) that replicate via an RNA 
intermediate. 


13. Applications of genetically modified plants 
are as follows: 

(i) Genetically modified plants are 
(a) diseases resulting from viral, b 
fungal infections (b) pests, such as ne 
insects and (c) pesticides. 

(ii) GM plants can tolerate adverse 
such as cold, drought, salt, heat. 


resistant to 
acterial and 
Matodes and 


abiotic Stresses 
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s show increased efficien, 


"Tr t 
(iii) GM plan (this prevents early exhaustig, i 


mineral re 
ility of soll). - 
hpt plants have high nutritional valųę 
A A enriched rice. 
(v) Plants such as poplar (Populus) trees ta, 
been genetically engineered to clean up hea 
ollution from contaminated soil. | 
(vi) These plants helped to reduce Post ha 
losses e.g., Flavr savr transgenic tomato. 


14. Different steps involved in RNA Silencing ate 
WSs: 
as ro RNAs are processed in 
approximately 21-23 nucleotide RNAs with tia | 
nucleotides. An RNase enzyme called Dicer Cuts 
the dsRNA molecules (from a virus, transposon 
or through transformation) into small interfering 
RNASs\(siRNAS). | 
(ii) Each siRNA complexes with ribonucleasg 
(distinct from Dicer) to form an RNA-inducg 
silencing complex (RISC). 
(iii) The siRNA unwinds and RISC is activated 
(iv) The activated RISC targets complementary 
mRNA molecules. The siRNA strands act x 
guides where the RISCs cut the transcripts ina 
area where the siRNA binds to the mRNA. Thi 
destroys the mRNA. 
(v) When mRNA of the parasite is destroyed no 


protein is synthesised. It results in the death of the 
parasite in the transgenic host. 


15. Two genes crylAc and cryITAb control cotton 
bollworms. These two genes were isolated from 
Bacillus thuringiensis and incorporated into cotton 
plant. The Senetically modified plant is called 3 
cotton as it contains Bt toxin genes. The bacteriull! 
Bacillus thuringiensis produces Bt toxin proteit; 
1n mature form. When the insect larvae ingest a 
plant part, toxin becomes active in the alkaline p” 
of the gut and kills the insect pests. That is how 4 
cotton attains resistance against bollworm. 


oe: Using Agrobacterium vectors nemato 
specific genes are introduced into the tobi” 
plant. The introduction of DNA produces bot 
sense and antisense RNA in tobacco plant cel 
ghe two RNAs being complimentary to each 0 r 


. ! 
form dsRNA that initiates RNA interference. AP 
refer to answer 14. | 
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17, A nematode Meloidogyne incognita infects thi 


roots of tobacco ] ctio 
led? ant edu 
in yield. Ap Plants and causes a great N 


Ovel Strategy that was adopt?" . 
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ren this Infestation was based on the prow 
RN Interference (RNAi), i.e., silencing? p 
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pression using a dsRNA. It involves silencing 
en peril mRNA due to complementary dsRNA 
0 Jecule that binds to and prevents translation of 
l NA (silencing). Using Agrobacterium vectors, 
" natode-specific genes were introduced into 
ee host plant (tobacco plant). The introduction 
pNA was such that it produced both sense 
d anti-sense RNA in the host cells. These two 
RNAs being complementary to each other formed 
, dsRNA (double stranded RNA) that initiated 
RNAi and thus, silenced specific mRNA of the 
nematode. 

The correct sequence of steps involved in making 
tobacco plant resistant to nematode are: 

(i) RNase enzyme called ‘dicer’ cuts all dsRNA 
molecules into small interfering RNAs (siRNAs) 
(21-23 nucleotides long). 

(ii) Each siRNA complexes with ribonucleases 
(distinct from dicer) to form an RNA-induced 
silencing complex (RISC). 

(iii) The siRNA unwinds and RISC is activated. 
(iv) The activated RISC targets complementary 
mRNA molecules. The siRNA strands act as guides 
where the RISCs cut the transcripts in an area where 
the siRNA binds to the mRNA. This destroys the 
mRNA. 

(v) When mRNA of the parasite is destroyed, 
no parasite proteins are synthesised that resulted 
in the death of the parasite (nematode) in the 
transgenic host. Thus, the transgenic plant gets 
itself protected from the parasite. 


18. Refer to answer 15. 


19. Bacteria, fungi, plants and animals whose 
genes have been altered. by manipulation are 
called genetically modified organisms (GMO). 
Also refer to answer 13. 


20. A nematode Meloidogyne incognita infects 
the roots of tobacco plants and causes a great 
reduction in yield. Using Agrobacterium vectors, 
nematode-specific genes were introduced into 
the tobacco plant. The introduction of DNA was 
Such that it produced both sense and antisense 

A in the host cells. These two RNAs being 
“omplementary to each other formed a double 
stranded RNA (dsRNA) that initiated RNA 
Mterference (RNAi) and thus, silenced the 
‘Pecific mRNA of the nematode. The result was 
that the Parasite could not survive in a transgenic 
°St expressing specific interfering RNA. The 


transgenic plant thus got itself protected from the 
Parasite, 


~ 
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21. Refer to answer 15. 

22. Refer to answer 13. 
23. A nematode Meloidogyne 1c meal 
the roots of tobacco plants and causes 4 pren 
reduction in yield. A novel strategy sor on 
adopted to prevent this infection was eek 
the process of RNA interference (RNAi). ; 
interference (RNAi) is the phenomenon S 
inhibiting activity of a gene by synthesis of RN 
molecules complementary to the mRNA. The 
normal (in vivo synthesised) mRNA of a gene 1S 
said to be “sense” because it carries the codons 
that are “read” during translation. Normally, the 
complement to the mRNA “ense” strand will 
not contain a sequence.of codons that can be 
translated to produce a functional protein; thus, 
this complementary strand is called “anti-sense 
RNA” The anti-sense RNAand mRNA molecules 
will anneal to form duplex RNA molecules that 
can not be translated. Thus, the presence of 
anti-sense RNA will block translation of the 
mRNA. of the affected gene. The source of this 
complementary RNA could be from an infection 
by viruses having RNA genomes or mobile genetic 
elements (transposons) that replicate via an RNA 
intermediate. Using Agrobacterium vectors, 
nematode-specific anti-sense genes are introduced 
into the host plant. The introduction of DNA 
produces anti-sense RNA in the host cells. The 
transgenic host plants expresses anti-sense RNA. 
As in consequence, nematode infestation fails in 
the transgenic plants because the complementary 
anti-sense RNA forms a double stranded RNA (ds 
RNA) which interferes or blocks the translation 
and thus, silences the mRNA of the nematode. 
The result was that the parasite could not survive 
in transgenic plant. In such way, the transgenic 
plant gets protected from the parasite. 


24. (a) Refer to answer 23. 
(b) Refer to answer 23. 


ognita infests 


25. The pest that destroy the cotton bolls are 
cotton bollworms. Also refer to anwser 15. 


26. Refer to answer 15. 

27. Refer to answer 23. 

28. Refer to answer 15. 

29. (a) Refer to answer 23. 

(b) Agrobacterium vectors are 


introducing nematode speci 
cific 
plant. i peng 


used for 
IN tobacco 


30. Refer to answer 15. 
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31. Refer to answer 15. 


32. The bacterium Bacillus thuringiensis is 
a common soil bactérium which produces a 
protein toxin that kills certain insects. The toxin 
Is a Crystal (cry). protein. There are several kinds 
of cry proteins which are toxic to different groups 
of insects.. The gene encoding cry protein is called 
cry gene. ey iw | 
Biotechnologists have been able to isolate the 
gene responsible for production of toxin and 
introduce it into a- number of plants to produce 
genetically modified plants resistant to insects, 
e.g. Bt cotton (resistant to bollworm) and GM 


. . 


tobacco (resistant to hornworms). - 


. 


33. Bt cotton is produced by using biotechnology. 
Soil bacterium Bacillus thuringiensis produces 
proteins that kill certain insects like lepidopterans 
(tobacco budworm, armyworm), coleopterans 
(beetles) and dipterans (flies, mosquitoes) etc. B. 
thuringiensis forms some protein crystals. These 
crystals contain a toxic insecticidal protein. This 
toxin does not kill the bacteria because it exists 
as inactive protoxins in them. But, once an 
insect ingests the crystals, it is converted into an 
active form of toxin due to the alkaline pH of its 
alimentary canal that solublises the crystals» 
Through genetic engineering Bt ‘toxin. genes 
were isolated from Bacillus ‘thuringiensis and 
incorporated into the several crop plants -such 
as cotton. The choice of genes depends upon 
the crop and targeted pest, as most Bt toxins are 
insect-group specific. The toxin is coded by a gene 
named cry. Two cry genes.crylAc and cryIIAb 
have been incorporated:in cotton. The genetically 
modified crop is called Bt cotton as it contains Bt 
toxin genes against cotton bollworms. Similarly, 
_crylAb has been introduced in Bt corn to protect 
the same from corn borer. oe oy ee fe 
34. Refer to answer 23.. } a 
35. (a) Cotton plants resistant to insect pests, 
e.g, cotton bollworms are produced through 
genetic engineering by the introduction of Bt 
toxin genes. These genes are cryIAc and cryIIAb. 
(b) Refer to answer 15. : be tS 
36. Refer to answer 33.. | 
37. Missing steps in the sequence of producing 
nematode resistant tobacco plant are : - | 
(a) Isolation of nematode (Meloidogyne 
incognita) specific gene ! : | 


| other form ad 


_ are present in mature insulin. 


Y 


a CBSE Champion Biology Clas. 19 


(c) Production of sense and anti-sense RNA in 


the host cells. being complementary t 
RNA’s being ary to each 
(d) Two ouble stranded (dsRNA). 


(f) Silences the specific mRNA of nematode, 


- (g) The parasite could not survive in a transgep;, 


host. 


© (h) Transgenic plant gets protected from th 


parasite. | 

38. Proinsulin has three polypeptide chains ( A | 
B and C) which need to be processed before i | 
becomes fully mature and functional insulin, ç | 
peptide chain is removed during maturation of 
insulin and has only two polypeptide chains jp 
A-chain and B-chain joined by disulphide bong 





39. The possible treatments that can be given to 
a patient exhibiting adenosine deaminase (ADA) 
deficiency are: 

(i) bone marrow transplantation 

(ii) enzyme replacement therapy. 

40. The lymphocytes are not immortal. They — 
have a life span, hence with the formation of new 
lymphocytes, the patient requires the periodic 
enzyme replacement therapy. 

41. The C-peptide joins the A-peptide with 
B-peptide in the proinsulin. It is not present in 
mature insulin and is removed during processing 
of proinsulin to insulin. 


42. Refer to answer 39. 


43. Proinsulin has three polypeptide chains (A,B 
and C) whereas functional insulin has only two 
polypetide chains (A and B). 

44. Recombinant DNA technology, polymerase 
chain reaction (PCR) and enzyme linked 
immuno-sorbent assay (ELISA) are the some of 
the techniques that serve the purpose of eatly 
diagnosis of bacterial/viral diseases. 


45. Refer to answer 44. 


46. Insulin consists of two short polypeptide 


chains : A and B, that are linked together by tw° 
disulphide bridges. 


47. Gene therapy is the technique of genetic 
engineering which involves replacement of 2 








: faulty gene by a normal healthy functional ge" 


The first clinical gene therapy was given in 197 
to a 4 years old girl with adenosine deamina‘ 
deficiency (ADA deficiency), This enzyme is ver} 
important for the immune system to function. 











vy 


i „chnology and its Applications 
po 


insulin is the prohormone which needs to 
i * essed before it becomes a fully mature and 
K ral hormone. Proinsulin contains an extra 
pn valled the C peptide. This C peptide is not 
are „in the mature insulin and is removed 
a maturation into insulin. 


(a) Refer to answer 47. 
p. ADA deficiency is caused by the deletion of 


pA gene. Also refer to answer 39. 


” Adenosine deaminase enzyme is necessary 
r the proper functioning of our immune system. 
pA deficiency 1S caused by the defect in the gene 
coding for enzyme adenosine deaminase. Also 
refer to answer 39. 

1, (a) PCR is polymerase chain reaction. It is 
sed to detect HIV infection and mutations in 
ones in suspected cancer patient. 

(b) ELISA is Enzyme- Linked Immunosorbent 


Assay. It is used to detect infections by pathogens. — 


s2, Thefirst step towards gene therapy for an ADA 
deficient patient is extraction of lymphocytes. 
Lymphocytes, a kind of white blood cells, are 
extracted from the bone marrow of the patient 
and are grown in a culture outside the body. A 
functional ADA cDNA (using a retroviral vector) 
is then introduced into these lymphocytes, which 
are reinjected to the patient's bone marrow. 


53. Refer to answer 51. 


54. PCR is used to detect mutations in gene 
in suspected cancer patient. A single stranded 
DNA or RNA joined. with a. radioactive 
molecule (probe) is allowed to hybridise to its 
complementary" DNA in a clone of cells. It is 
followed by detection using autoradiography. The 
Clones having the mutated gene will not appear 
on the photographic film, because the probe will 


ien have the complementarity with the mutated 
ne, 


55. Refer to answer 52. 


te gene therapy, genetically engineered 
de Phocytes are introduced into an ADA 
te wency patient. But as these cells do not always 

mainalive, the patient requires periodic infusion 
Hires genetically engineered lymphocytes. 
e ver, if the isolated gene from bone marrow 

` Producing ADA is introduced into cells at 


ĉar] 
e 
Cure, mbryonic stages, 1t can be a permanent 


7, . 
ids uman insulin is made up of 51 amino 
4. Tanged in two polypeptide chains, chain 


Aving 21 amino acids and chain B with 30 
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: ins are 
amino acids. The two polypeptide cha 


interconnected by two disulphide bridges sulin 
linkages. In mammals, including humans; ! Seih 
is synthesised as a pro-hormone which ee C 
an extra stretch called the C peptide. 7 ak 
peptide is not present in the mature insulin a 
is removed during maturation into insulin. | 
main challenge for production of insulin ee 
rDNA technique was getting insulin assemD1e 
into a mature form. 

In 1983, Eli Lilly an American company, first 
prepared two DNA sequences corresponding to 
A and B chains of human insulin and introduced 
them in plasmids of Escherichia coli to produce 
insulin chains. Chains A and B were produced 
separately, extracted and combined by creating 
disulfide bonds to form human insulin (humulin). 
It is recombinant DNA technological process. 
Therefore, the difference between humulin 
(insulin synthesised by Eli Lilly) and insulin 
produced by the human pancreas 1s that humulin 
consists of two polypeptide chains (A and B) 
produced separately, extracted and combined by 
creating disulfide bond while insulin produced by 
human pancreas contains chains A, B and C and 
during maturation chain C is removed. 


58. (a) Refer to answer 44. 


(b) Using conventional methods of diagnosis like 
serum and urine analysis etc., early detection of 
pathogen is not possible. But molecular diagnostic 
techniques serve the purpose of early diagnosis. 


59. ELISA stands for Enzyme Linked Immunosor- 
bent Assay. ELISA is based on the principle 
of antigen - antibody interaction. Infection by 
pathogen can be detected by the presence of very 
small amount of proteins, glycoproteins, etc. or 
by detecting the antibodies synthesised against 
the pathogen. 


60. The steps involved in the production of 
artificial insulin or humulin are as follows: 


(i) Isolation of donor or DNA segment - A 
useful DNA segment is isolated from the don 
organism. a 


(ii) Formation of recombinant 

Both the vector and donor DNA “him 
in the presence of restriction endon 
the presence of ligase DNA segments 
joined to form rDNA. 


(iii) Production of multiple co 


this process multiple copies o 
DNA are produced. 


nts are cut 
uclease, In 
of both are 


Pies of rDNA 


f this recombin In 


Nant 


| 
fi 
| 
1 
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(iv) Introduction of rDNA in the recipient 
organism - The rDNA is inserted into a recipient 
Organism. 

(v) Screening of the transformed cells — The 
recipient (host) cells are screened in the presence 
of rDNA and the product of donor gene. The 
transformed cells are separated and multiplied. 


61. Adenosine deaminase (ADA) enzyme is 
crucial for the immune system to function. Its 
deficiency is caused due to the deletion of the 
gene for adenosine deaminase. In some patients, 
ADA deficiency can be cured by the bone marrow 
transplantation. It can be treated by enzyme 
replacement therapy, in which functional ADA is 
given to the patient by injection. 

Two disadvantages of enzyme replacement 
therapy are : l 

(i) It is not permanent cure because the 
replacement patient of ADA deficiency do not 
have functional T-lymphocytes, they cannot 
provide immune responses against invading 
pathogens. 

(ii) Itis a costly method. 


62. The recombinant DNA technology process 
has made great impact in the area of health care 
by mass production of safe and more effective 
therapeutic drugs. Further, the recombinant 
therapeutics do not. induce unwanted 


immunological responses. 
Flow chart showing preparation of genetically 


engineered human insulin is as follows: 
Bacterial 
Plasmid Chromosome _ 


CE- a 
coli Restriction KEL2Y 
J} enzyme A N 


Cut a ( Stickyends 4’ 
Annealing by 


eee 


Plasmid free O Recombinant DNA 
E.coli 


Multiplication of 
Recombinant DNA 
Reintroduced 


2. 
AE Clones of engineered 
AR bacteria in a fermenter 
f 


Rem containing medium 











Recombinant insulin 


63. Refer to answer 57. 
64. Refer to answers 61 and 52. 
65. Refer to answer 52. 
66. Refer to answers 61 and 52. 
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mids are extra-chromosomial, self repli. 
circular, double-stranded, DN4 
molecules found naturally in many bacteria, 

Plasmid is a boon to biotechnology. It has Certain 
characteristics which make it a good vector in 
production of human insulin. These are discussed 


67. Plas 
cating, usually 


as follows : | . 
(i) It has specific restriction sites where the 


enzyme restriction endonucleases make a cut and 
segment of DNA which codes for human insulin 
is inserted. 

(ii) It has number of orgin of replication (ori) 
where replication starts. 

(iii) Recombinant plasmid is introduced into 
E.coli host cell where it replicates and produces 
large amount of insulin. 

68. Refer to answers 57 and 62. 

69. (a) Earlier insulin was extracted from 
pancreas of slaughtered cattle and pig. This insulin 
is not in use, as some diabetic patients developed 
allergic reaction to it. 

(b) Refer to answer 57. 


` (c) Refer to answer 57. 


70. Refer to answer 60. 


71. (a) Refer to answer 57. 
(b) Refer to answer 57. 
(c) Refer to answer 69 (a). 


72. Steps of gene therapy are summarised in the 
given diagram: 
Normal allele 


1. Normal allele inserted into retrovirus 


D . Retrovirus infects lymphocyte 


extracted from bone marrow of 


Retrovirus 
the patient 
Lymphocyte 
=, 
A 3. Retrovirus make a DNA copy 
ee of its RNA, this DNA carrying 
XV the normal allele inserts into 


chromosome of host cell. 


\ 


4. Genetically engineered cells 


Injected into patient bone marrow 


i: Transgenic animals are those animals which 
contain in their genome, a foreign gene introduct 
by recombinant DNA technology. Such gen i 
called transgene. Examples of transgenic anim l 
are transgenic mice and transgenic rabbit etc. 









Bone 


Bone marrow 


~y 





| 
| 
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gjotechnology and its Applications 
4, (a) Transgenic animals that produce useful 
piological products can be created by th 
troduction of the DNA segment (or is 
for a particular product such as 
rotein (o.- 1-antitrypsin) used to treat 
emphysema. similar attempts are being made for 
nt of phenylketonuria (PKU) and cystic 
fibrosis. 
(b) Transgenic animals are being made that carry 
enes which make them more sensitive to toxic 
substances than non-transgenic animals. They 
are then exposed to the toxic substances and the 


effects are studied. 

75, Benefits derived from transgenic animals are 
as follows: 

(i) They are specially made to serve as models 
for human diseases, SO that investigation of new 
treatments for diseases is made possible. 

(ii) They produce useful biological products, 
that can be created by introduction of portion of 
gene, which codes for a particular product such 
as human protein (a -1- antitrypsin) used to treat 


emphysema. 

(iii) Transgenic mice a 
in testing the safety O 
used in humans. 

(iv) They carry genes w 
sensitive to toxic substanc 
animals. They are then expos 
and the effects are studied. 
76. Rosie is the first transgenic COW which 
contains human geng coding for protein alpha- 
lactalbumin. The gene is expressed i 
tissues and the protein 1s secreted in ilk. 
milk is nutritionally a more balanced 
human babies than natural cow milk. 
77. Advantages of genetically modified organisms 
co as follows: 

i ete se modified orga” 
tae eing formed for use in te 
s before they are used O : 
of nsgenic mice are being used to test the s 
(ii the polio vaccine. : 
") Several bacteria have been modified y 
troduction of foreign genes to control, (i) insects 
Y prodcution of endotoxins, (ii) fungal diseases 
fan production of chitinase» hich | suppress 
me a flora in the soil and (iii) by pro ence F 
b iotic which will degrade the toxin P 

Y pathogen. 

Si Genetically modified organi 


re being developed for use 
f vaccine before they are 


hich make them more 
es than non-transgenic 
ed to toxic substance 


isms such as mice 
sting the safety of 
human beings. 


afety 


sms are dev 
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that carry genes exposed to the toxic substance 
and their effects are studied. 

(iv) Genetically modified plants have 
nutritional value e.g.» golden rice is r 
vitamin A. 

78. (a) Refer to answer 73, 

(b) (i) Refer to answer 77. 

(ii) Refer to answer 76. 

79, Biopiracy is the commercial exploitation OT 
patenting of biological resources of a nation by 
some other organisation OF company without 
proper authorisation and without compensatory 
payment from concerned country and people. 


higher 


ich in 


80. GEAC is Genetic Engineering Approval 
Committee. It fakes decisions regarding 
fety of 


the validity of GM research and the sa 

introducing GM organisms for public services. 

The objectives of setting uP GEAC by our 
overnment isas follows: 

(i) To permit the use of GM organisms and their 
roducts for commercial applications. 
(ii), To adopt procedures for restriction, 

production, import, export and application of 
GM organisms. 

(iii) To approve for conduct of large scale field 

trials and release of transgenic crops in the 
environment. 

(iv) To authorise agencies OF persons to have large 


scale production and release of GM organisms 


into the environment or curb and take punitive 


action against them. 

g1. (a) Refer to answer 79. 

(b) The Indian parliament has recently passed 
the second amendment of the Indian patent 
bill that considers issue related to patent 
terms, emergency provisions and research and 


development initiative. 

g2. Some multinational companies of 

industrialised nations have a good economic status 

but are poo! in biodiversity and are exploiting 
of developing and underdeveloped 


biodiversity 
countries without authorisation and proper 


compensation. 
There has been growing realisation of the injustice, 


inadequate compensation and benefit sharing 
between developed and developing countries. 
Therefore, some nations are developing laws to 
revent such unauthorised exploitation of their 
bio-resources and traditional knowledge. 


93. Refer to answer 80. 
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QUICK RECAP 


© The term ‘ecology’ is derived from two 
Greek words-oikos means ‘house or place to 

P . bd 

live’ and logos means ‘a discussion or study. 


The German biologist Ernst Haeckel (1869) 
is credited for the coinage of the term ecology. 


© 
© 


Ecology may be defined broadly as the 
science of interrelation between living 
organisms and their environments including 
both the physical and biotic environments. 


M» Maximum VSA, SAI, SA Iland LA type questions 


d 


TS C | 
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© The aquatic ecology includes freshwater 
ecology, eustuarine ecology and marine ecology. 


Terrestrial ecology is subdivided further 
into forest ecology, grassland ecology: 
cropland ecology and desert ecology: 
Ecology is basically concerned with various 
levels of biological organisation — organisms» 


opulati Bp 
p pulations, comm-unities, ecosystems and 
biomes. 


7o 
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anisms and Populations 


0 population is a group of individuals of the 


same species living together in a common 
area at a particular time. The different 
populations of the same kind of organisms 
are often referred to as local population. 


Members ofalocal population maybe genetically 
adapted to their specific environment, such a 
population 1s called ecotype. 


Biotic community is an assemblage of 
populations of different species of plants, 
animals, bacteria and fungi which live in 
4 particular area and interact with one 
another through competition, predation, 


mutualism, etc. 


© Ecosystem is a segment of nature consisting 











Grasslands 





Table : Major biomes and their characteristics 












= Biome 


Tropical rain 
forests 





Tropical rain fore 





biome is very high. 





and small trees. Distrib 


They, receive 25 cm ( 
cold (e.g., Tibet, Gobi) 


ear. 
They occ 
America, steppes of E 
by perennial grasses an 









Tropical decid 
moderate amount O 


autumn. 


Tropical 
deciduous forests 












It is locate 
extending across 


precipitation (less t 
hort and w 





Tundra 






summers are s 
in the summers. 





Its 
of this biome is 


Cc 
precipitation. 


is Taiga 
`% 


less than 12 cm per year W 


North A 


one bearing trees like spruce, 


© 


1 i Characteristics : 


sts occurin regions of moderate temperature (average 23- 


27°C) and high rainfall (200-500 cm per year). This biome is characterised by 


multistoreyed. vegetation. Further, 


The grasslands with well developed grass cover inters 
uted in warmer parts of India, 


léss annual rainfall (90-150 cm per year 
10 inches) or less of precipitation annually. Deserts can be 
and hot (e.g., Thar and Sahara). In true deserts, rainfall is 
hile in extreme desert, it is even lesser than 7 cm per 


ur in all types of climate. e.g.» 


urasia, tussocks o 
d herbs of grazing mammals. They experience greater 


amount of rainfall than deserts. 
uous forests occur ina 
f precipitation (7 


d in the north of timberline or 60° N latitude below the polar ice, 
merica, Europe and Asia. Tundra receives very little 
han 25 cm annually), winters are extremely long and cold and 
arm. The subsoil remains frozen except upper few inches 


The condition is called permafrost. 

tretches as an East-West band just South of tundra. The characteristic feature 
the presence of numerous lakes and it consists of evergreen 
hemlock and fir. It has long winters with little 
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of a biological community and its physical 
environment both interacting and 
exchanging materials as well as energy. 


Landscape is a unit of land distinguished by 
a natural boundary and having patches of 
different ecosystems, ¢.g.; Southern peninsula. 


Biome is a large regional unit delimited by 
a specific climatic zone, having a particular 
major vegetation zone and its associated 
fauna, eg, tundra desert, temperate 
deciduous forest, tropical rain forest, ocean. 


Biosphere is biologically inhabited part of 


earth along with its physical environment 
consisting of lower atmosphere, land and 


water bodies. 











the biodiversity and the productivity of this 





persed with scattered shrubs 
Africa and Australia having 
). Abundance of C, photosynthetic grasses. 






















prairies of USA, pampas of South 
f New Zealand etc. are characterised 






















reas having warm summers, cold winters and 
5-150 cm annually). Leaf fall occurs during 
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ORGANISMS AND ITS ENVIRONMENT 


© 


© 


O O O @B 


EO 


No organism can live alone. It has to interact 
with its immediate surroundings which 
include both biotic and abiotic factors. 


Environment is the sum total of all 
biotic and abiotic factors, substances and 


conditions that surround and potentially 


influence organisms without becoming their 
constituent part. 


Climate is a long term property of the 
atmosphere which is the same over a larger 
area and remains the same over a long period 
of time. Climate determines the flora and 


fauna of a place. 


Microclimate refers to the ` climatic 
conditions present at local scale i.e., within 
an area of limited size. 


Habitat is a specific place or locality delimited 
by a combination of factors, physical features 
and barriers where a community resides. 


Microhabitat is a part of the habitat having 
a specific property, e.g, forest floor, tree 
canopy, tree trunk, edge of a pond. 

Niche or ecological niche (Grinnel, 
1917) is a specific part of habitat occupied 
by individuals of a species which is 
circumscribed by its range of tolerance, range 
of movement, microclimate, type of food and 
its availability, shelter, type of predator, and 
timing of activity. In other words, ecological 
niche means the total interaction of a species 


with its. environment, or_its_ functional. 


position or status in an ecosystem.. 


Ecological niche depends on the species’ 
structural adaptations, physical responses 
and behaviour. 


Any external thing, substance or condition 
which has effect on living organism is called 
ecological factor and totality of all these 
factors constitute environmental complex or 
environment. There are four major types of 
factors: 

Climatic factors : These are related to 
climate like, light, temperature, humidity, 
precipitation, wind, atmosphere and fire. 


——— 
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hic factors : These are related with 

p hy of earth and are also 

ic factors, &§+» altitude 

in and valleys, etc. 

These factors affect 


> Topogra 
physical geograp 
called physiograph 


direction © mounta 
] factors : 


> Edaphic of sol 
throu h soil. Ea | 

> sate or living factors : Living Organism, 
have effect on other organisms and these 


constitute biotic factors. 


Abiotic Factors 
Light | 
© Light is important ecological factor as it 


affects different physiological processes of | 
photosynthesis, transpiration, 


plants, e.g- j 
seed germination, | 


movements, flowering; 
etc. 

> Light is responsible for daily rhythm in 
animals. Photoperiodism controls migration 
in birds, hibernation and breeding in animals 
whereas in plants it controls flowering and 
vegetative growth. 


Temperature 


@ Not only the physiological functions but also 
the geographical distribution of many plants 
and animals is governed by temperature. 
It influences the living organisms in the 
following manner: | 

> Metabolic activities : Different metabolic | 
activities of plants are controlled by different 
enzymes which are affected by temperature | 
hence these metabolic activities are affected 
by | temperature, e.g., photosynthesis, 
respiration, etc. 

Flowering in plants : Temperature is also 

an important factòr affecting flowering 

e ow temperature treatment (0- 

enhancing Mamar oa is responsible . 

> Growth and deve — 

bapi evelopm i h and 
development are”; d coe. Arow 
low and high tem See ee a 
Water peratures. 


Water i , 

" secon oe portant component of 
a reactant, a “Ing used as a general solvent 
essential m metabolic by-product and a! 

aterial for maintaining turgidity 


d 
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Soil 


Water is a resource, a condi 
in itself. The Productivity a 
plants is also heavily depe 


tion and 
nd distri 
ndent on 


a habitat 
bution of 


Water.. 
Plants of aquatic 


hydrophytes. 


are 
| For aquatic Organisms the 
quality (chemical COMPOSitidn, PH) of Water 
is important. Mesophytes are plants of moist 


habitats whereas xerophytes are plants of is 
habitats. 

Some organisms are tolerant of 
of salinities (euryhaline, e, g., 
others are restricted to a narr 
salinities (stenohaline, e.g., 


a wide range 
salmon) but 
Ow range of 
shark). Many 
for long in sea 
of the osmotic 


— Oe. 


freshwater animals cannot live 
water and vice versa because 
problems they would face. 


© Soil is very important ecological factor as 


0 


ovvrvryr yr 


| 


it provides water, minerals or nutrients and 
support to the producers (plants). 


Mineral particles are the chief components 
of soil complex and are formed by weathering 
of rocks. Depending upon size of mineral 
particles, soils are of following types : 

Clay : If particle size is les§ than 0.002 mm 
Silt : If particle size is 0.002-0.02 mm 

Fine sand : If the particle size is 0.02-0.2 mm 
Coarse sand : 0.2-2 mm 

Gravel or Stone : More than 2 mm 


The appearance of different layers superposed 
One above the other in a vertical section of 
Soil from surface downward to the parent 
tock is called soil profile. 


Ci 
The horizons of soil are O, A, aa 
Unbroken and unweathered panpin 
lies below C horizon. 


Responses to Abiotic Factors 


| 





; S 
A process by which the organism keep 


t despite 
the internal environment A is 
drastic changes in external con 


Calle is. 
d homeostasis 


i e able to 
Regulators : Some organisms ar 


d 
erature an 
Maintain a constant body temP©"", 


cf 





© 
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con 
A stant osmotic concentration despite 

anges in the external environment. They 
are called as regulators, 
~onformers Organisms whose body 
©Mpe-rature changes with the surrounding 
temperature 


(ectotherms) are called 


aquatic animals and plants 
Ncentration and temperature 
nges according to ambient 
water are also “alle conformers, 
Some species are 
have the ability to 
to a limited extent. 
become conformers. 


conformers, In 
the osmotic CO 
of body cha 
conditions of 


partial regulators. They 
regulate body functions 
Beyond that limit they 
Migration : The organisms can migrate 
temporarily from the unfavourable habitat 
to more favourable area and return when 
unfavourable period is over. 


© Suspension : Various kinds of thick-walled 


Q 


© 


spores are formed in bacteria, fungi and 
lower plants which help them survive under 
unfavourable conditions. These germinate 
on return of suitable conditions. 


In animals, the organism, if unable to 
migrate, might avoid the unfavourable 
environment by escaping in time. For 
example, polar bears go into hibernation 
during winter season to escape extreme cold. 
Some snails and fish undergo aestivation to 
avoid summer-related problems like heat and 
desiccation. Under favourable conditions 
many zooplankton in lakes and ponds are 
known to enter diapause i.e., a stage of 
suspended development. 


Adaptation is any attribute of the organism 
(morphological, physiological behavioural 
that enables it to survive and reproduce in its 
habitat. 


Plants that are adapted to bright sunlight are 
called sun plants or heliophytes. 


Plants which grow in partial shade or low 
intensity light are called shade plants or 


sclophytes, 
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Plant types on the basis of availability of water 
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Adaptations in plants 
Hydrophytes 


Plants which grow in water or water rich 
substratum are called hydrophytes. The plant 
body is covered with mucilage and roots are 
absent or poorly developed, e.g., Hydrilla, 
Utricularia. Hydrophytes can be submerged, 


suspended and floating (free floating, fixed 
floating). 


















Mesophytes 
Live in mesic conditions i.e., moderate water 
conditions. 





Xerophytes 





Xerophytes show adaptations to dry ħabitats 
and high temperature conditions. These are of 
four types. 

Ephemerals (drought escapers). The plants live 
for a brief period during the rains. The rest 
of the year is passed in the form of seeds, e.g. 
Euphorbia prostrata. 

Annuals (drought evaders): The plants live for a 
few week even after the stoppage of rains. Leaves 
have thick waxy, hairy coating with or without 
prickles to reduce transpiration, e.g., Echinops. 
Succulents (drought resistants): They have 
fleshy organs to store large amounts of water, 
thick cuticle, sunken stomata e.g. Opuntia. Non- 
succulent perennial xerophytesr, 

Drought endurers : True xerophytes, smaller 
shoot system, root system very extensive e.g., 
Nerium, Acacia 

Chaperonins (heat shock proteins) are also 
present, which protect other proteins from 
denaturation at high temperatures, 



























































POPULATION 


© The term population has its origin in the 

















Adaptations in animals 


Animals also develop strategies to liyę 
better in their environment. Adaptation 
may be : Short term - tempor ary 10 nature 
like tanning of skin, increase in heart bea 
etc. or long term - permanent in nature like 
typical specific type of beak, claw etc. 
Camouflage is the ability to blend with 
the. surroundings or background. It jg 
difficult to distinguish leaf like grasshopper 
or praying mantis from the surrounding 
foliage. | 

Mimicry is the resemblance of one species 
with another in order to obtain advantage, 
especially against predation. 

Allen’s rule - According to this rule, in 
endothermal animals of colder areas, the 
extremities like feet, tail, ears, etc., tend to 
be smaller as compared to the animals in 
warmer regions. This minimises heat loss. 
Animals in colder areas possess thick fur 
subcutaneous fat and small extremities. 
Animals facing water scarcity as found 
in arid or desert areas, show two types of 
adaptations : reduced water loss and ability 
to tolerate arid conditions. Kangaroo rat 
seldom drinks water and possesses a thick 
coat to minimise €vaporative desiccation. 
Desert lizards show behavioural adaptation 
to cope with excessive heat They enjoy 
sun and absorb heat when their body 
temperature drops below comfort zone 
but move into Shade when surrounding 
temperature Starts increasing, 
Hibernation or Winter sleep and aestivation 


Or summer Sleep are quite common i} | 
ectotherma] (cold blooded) animals. 









































Latin word 
ecology, 


a group 


| 
| 
: | 
Populus meaning people. In | 
a Population may be defined as 
Of Organisms of the same specie 


\ 


Vy 


0194 


0 


nisms and Populations 


occupying a particular *Pace in a given ti 
The ultimate constituents of the Nag 
are individual organisms that ¢ on 


an Potenti 
interbreed. tally 
study of population size jg called 
demography. Study of human Population 


in a given area like-village, City etc, js Called 


human demography. 
All aspects of a population including density 
size, natality, mortality, immigration, 


emigration etc. is called Population ecology, 


‘physical characteristics of a Population 


The basic characteristic of a Population is 


its size or density (number of individuals 


0 


> 


0 
0 





present per unit space in a given time) 
which is affected by four Primary population 
parameters such as natality, 


mortality, 
immigration and emigration. 


Natality/Birth rate : Number of organisms 


born per unit population per unit time. 


Natality rate depends on biotic potential Le 


ability to produce young ones. 


Total fertility rate (TFR) : Total number of 


offspring born per female during her life 
time, 


Mortality rate / Death rate : Number of 
death per unit population per unit time. 


Migration : Movement of individuals in or 
out of population is called migration. It may 
be in order to get food, space, shelter, job, to 
‘void predator, etc. It is of two types: 
Emigration : 
of individuals. 
Population size. 
Immigration 

of individuals. 
Population size. 


It refers to moving out 
It results in decrease of 


It refers to moving in 
It results in increase 1n 





pe Population 
_ Emigration i 





Types of Age Pyramid 
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Graphic representation of different age 
Sroups found in a population with pre- 
reproductive individuals at the base, 
reproductive ones in the middle and 
POSt reproductive groups at the top. 

























: Triangular age pyramid 
If number of pre-reproductive individuals 
's More than reproductive individuals and 


Post reproductive individuals are lesser 


than these two, then the population size 
increases, 


| IRE, 
(SET 
Pre-reproductive — 


Expanding population 


Post-reproductive 


Reproductive 









_Bell-shaped age pyramid 
If number of individuals in pre- 
reproductive and reproductive group 
are almost same then population size 


remains unchanged i.e zero population 
growth. 


Post-reproductive 

p ae 
Reproductive oh 

Pre-reproductive ee 


Stable population 




















Urn shaped age pyramid 
When individuals of pre-reproductive 
group are lesser than reproductive and 


post reproductive groups, then in future 
the population size declines with time. 


Post-reproductive 
Reproductive 
Pre-reproductive 


Declining population 






Population growth forms 


© Every population has a specific growth form 


ie, characteristic pattern of increase. There 


are 2 basic population growth form 


She. 
S-shaped and J-shaped. 
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Table : Differences between J-shaped and S-shaped gr 


J-shaped population growth form S-shaped population growth form 
s when the resources are limited. 


It occur 


a 


It occurs when the resources are abundant. 


An equilibrium is never reached in 
population size. 






Ma 


3. | Environmental resistance does 


operate to slow down exponential phase. 


A phase of deceleration never occurs. 


It has 2 phases : lag and log. 


Population grows well beyond the 
carrying capacity of the ecosystem. 


Ra 




























Equation for J-shaped growth curve 
dN/dt =4N where, r = intrinsic rate of 
natural increase and N = population size. 










An equilibriu , 
approaches the carrying capacity O 


not | Enviro 


Lag Exponential Positive acceleration phase- Stationary 
phase phase L Exponential Negative phase 
= ag phase acceleration 
D 2000 phase phase 
3 ar 
SE | 
S'o 1500 > | K 
pi O 
Be 1000 a 0 
O D = 600 
o 2 cn 
E 500 i © 500 
= Oo 
= 5 5 400 
1 2 ae ^4 2 a 300 
Time in decades € 200 
Fig.: The J-shaped growth curve of reindeer. = 100 


S-shaped or sigmoid growth from is represented by 
the following equation. 
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owth forms of population 


m is reached when the size of population 
f the ecosystem, 


nmental resistance begins to operate to sloy 


down exponential phase. 
Exponential phase is very rapid. Exponential phase 1s comparatively less rapid. 


A 


reached. 
It has 4 phases : lag, log, deceleration and steady. 


Population seldom grows beyond the carrying 


capacity of the ecosystem 


phase of deceleration occurs before equilibrium iş 




















24 6 8 1012 14 16 
Time in hours 
Fig.: The S-shaped growth curve of yeast cells 






dN y| ÆN 


di rN K 
t 1S 


where N is the number of existing individuals, 






carrying capacity of the ecosystem. 


the time, r is the rate of natural increase and K 1s the | 


| population that can be supported in a given time. 


Population interaction 

© Organisms belonging to different 
populations interact for food, shelter and for 
the fulfillment of other necessities. 

The interaction among individuals of the 
same species is known as intra-specific 
interaction and among the organisms of 


© 





The carrying capacity of habitat/locality/ environment is the maximum number of individuals of 4 


e . e ifc 
different species is termed as inter-spec! | 


interaction. 


© 


interactions may be positive or negative 
positive interaction, no organism in relatio 
is harmed and one or both may be benefite 
In negative interaction one or both j 
interacting organisms are harmed. 


, „hê 
According to the nature of relationship th 


| 
| 
| 
| 
| 


| 














organisms and Populations 


5. 


26. 


27. 





29. 


30. 


31, 


32, 


33, 


34, 


35, 


Why do we experience 


Shiverin 
winters when the temperature js ‘ery aring 
Ows 


oe (Delhi 2011C) 
Humming birds live among the bushes ; 
in 


tropics while penguins live on icebergs, Th 
cannot survive if their habitats are revers H 
ed. 


Justify. (Delhi 20100) 
How does the human body maintain 
constant temperature both in summers and 
winters? Explain. (Delhi 2009C) 


28. 


(a) “Organisms may be conformers or 
regulators. Explain this statement and give 
one example of each. 

(b) Why are there more conformers than 
regulators in the animal world? 


(AI 2017) 


In certain seasons we sweat profusely while in 
some other season we shiver. Explain. 
: (Delhi 2016) 


Explain with the help of suitable examples 
the three different ways by which organisms 
overcome their stressful conditions, lasting 
for short duration. (AI 2016) 


How do snails, seeds, bears, zooplanktons, 
fungi and bacteria adapt to conditions 
unfavourable for their survival?» (AI 2015) 


Why do tribés who live in high altitude 
of Himalayas experience discomfort 1n 
respiration? How do they get adapted to 
survive in such a situation? (AI 2015C) 


(a) State how the | 
environment is beneficial to organisms. - 
(b) Explain any two alternatives by whic 


ernal 
Organisms can overcome atei 1 2014) 
conditions. 


constant internal 


s of high altitude sickness 


ome it. 
(Delhi 201 2C) 


Write any 


List three symptom 
and three adaptations to overc 


Water is very essential for life. 


three features both for gine 
Which enable them to survive in 


environment. 


and animals 
water scarce 
(AI 2011) 





36. 


37. 
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How do organisms cope with stressful 
external environmental conditions which are 
localised or of short duration? (AI 2011) 


The following graph represents the organismic 
response to certain environmental condition 
(eg. temperature) : | 


Internal level —> 
by 


- > 


External level ——> 
(a) Which one of these, ‘A’ or ‘B, depicts 
conformers? 
(b) What does the other line graph depict? 
(c) How do these organisms differ from 
each other with reference to homeostasis? 
(d) Mention the category to which humans 
belong. (AI 2009) 





38. (a) Following are the responses of different 


39. 


animals to various abiotic factors. Describe 
each one with the help of an example. 


Conform 


(ii) 
(iv) Suspend 


(i) Regulate 
(iii) Migrate 
(b) If 8 individuals in a population of 80 
butterflies die in a week, calculate the death 
rate of population of butterflies during that 
period. (2018) 
(a) Explain giving reasons why the tourists 
visiting Rohtang pass or Mansarovar are 
advised to resume normal ‘active life’ only 
after a few days of reaching there. 

(b) It is impossible to find small animals in 
the polar regions. Give reasons. (AI 2012) 


13.2 Populations 
EEN (1 mark) 


40. 


Name the interaction that exists between 
Cuscuta and shoe-flower plant. 


(Delhi 2015C, AI 2014) 
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41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52: 


53. 


55. 


Name the interaction that exists between 
sucker fish and shark. (Delhi 2015C) 


Name the type of interaction that exists 
between barnacles and whale. 
(Delhi 2015C, AI 2009, Foreign 2009 ) 


Name the type of interaction seen between 
fig and wasps. (AI 2015C) 


State Gause’s competitive exclusion principle. 
(AI 2014) 


Name the type of association that the genus 
Glomus exhibits with higher plants. 
(AI 2014) 


Describe the mutual relationship between 
fig tree and wasp and comment on the 
phenomenon that operates in their 
relationship. (AI 2014) 
Construct an age pyramid which reflects 
an expanding growth status of human 
population. (AI 2044) 
Name the interspecific interaction in,which 


one is detrimental while the other is neutral. 
(AI 2013C) 


Write what do phytophagousiinsects feed on. 
(Delhi 2012) 


What is an interaction called when an orchid 
grows on a mango plant? (Delhi 2012) 


Pollinating species of wasps show mutualism 
with specific fig plants. Mention the benefits 
the female wasps derive from the fig trees 
from such aminteraction. (AI 2011) 


Why are cattle and goats not seen browsing 


on Calotropis growing in the fields? 
(Foreign 2011) 


If 8 individuals in a laboratory population of 
80 fruitflies died in a week, then what would 
be the death rate for population for the said 
period? (Delni 2010) 
In a pond there were 20 Hydrilla plants. 
Through reproduction 10 new Hydrilla 
plants were added in a year. Calculate the 


birth rate of the population. (Delhi 2010) 


Comment on the interaction between a 


clown fish living among the tentacles of a sea 


anemone. (Delhi 2010C) 


56. 
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Comment on the interaction between certain 


species of fig trees and Wasps. (Dethi 20100) 


EJA (2 marks) 


ny 


58. 


60. 


61. 


63. 


64. 


63, 


66. 


67. 


68. 


69. 


What is mutualism? Mention any two 
examples where the organisms involved arp 
commercially exploited in agriculture. 

(AI 2015) 


Differentiate between parasitism and 
competition, giving one example of each, 
State the commion characteristic they share, 

(Foregin 2015) 


Construct an age pyramid which reflects a 


stable growth status of human population, 
(Delhi 2014) 


Explain Verhulst-Pearl Logistic Growth ofa 


population. (Foregin 2014) 


Differentiate between commensalism and 
mutualism by taking one example each from 


plants only. (Foregin 2014) 


Explain mutualism with the help of an 
(Delhi 2014C) 


example. 


Why are a fig tree and its partner wasp 
considered a good example of mutualism? 
(Delhi 2013C) 


Why do clown fish and sea anemone pair up! 
What is this relationship called? (Delhi 2012) 


Explain brood parasitism with the help of an 
example. (AI 2012) 


How does the flora] pattern on Mediterranean 
orchid Ophrys guarantee cross pollination‘ 
(Delhi 2010, Foreign 2009) 


Mention the changes the koel must have 
undergone in order to achieve brood 
parasitism, during the course of evolutio”: 

(AI 20100) 


Explain the two defense mechanisms evolved 


in preys to avoid Overpopulation of their 
predator. (AI 20 10C) 


Egrets are often seen along with grazing 
ca e. How do you refer to this interactlO™ 
Give a reason for this association. 

(Delhi 2009) 


if 


ej, Ina 


ais and Populations 


,) What is “r” in the population equation 

given below: 

> dN/dt = rN 

bh) How does the increase and the decrease 

in the value of ‘r’ affect the population size? 
(Delhi 2009) 

pond there were 40 lotus plants. After a 

ear the number rose to 56. Calculate birth 

rate of a lotus plant. (AI 2009C) 


gi (3 marks) 


72. 


n. 


4 


A 





15. 


76, 


and explain the type of interaction 
mycorrhizae and between cattle 
(AI 2016) 


Name 
that exists in 
egret and cattle. 
Predation is usually referred to as detrimental 
association. State any three positive roles that 


a predator plays in an ecosystem, (AI 2016) 


and coevolution with the 
(AI 2016) 


(a) Name the two growth models that 


Explain parasitism 
help of one example of each. 


represent population growth and draw the 
respective growth curves they represent. 

(b) State the basis for the difference inthe 
shape of these curves, 

(c) Which one of 
human population growth at present: Do 
you think such a curve 1s sustainable? Give 
reason in support of your answer. 


the curves represent the 


(AI 2016) 


Differentiate between mutualism, parasitism 
and commensalism. Provide one example for 


each of them. (Foreign 2015) 
Study the graph given below and answer the 


questions that follow. 


Population density (N) ——> 





Time (t) —” 
(a) Write the status of food and spac 
curves A and B. 


e in the 


19: 


80. 


Sl. 


83. 
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(b) In the absence of predators, which one 
of the two curves would appropriately depict 
the prey population? 
(c) Time has been shown on X-axis and 
there is a parallel dotted line above it. Give 
the significance of this dotted line. 

(Delhi 2014) 
Draw and explain expanding age pyramids 
of human population. Why is it So called? 

(AI 2014C) 

(a) Write the importance of measuring 
the size of a population ima habitat or an 
ecosystem. 
(b) Explain with the help fan example how 
the percentage gover is a More meaningful 
measure of populations size than more 
numbers, (AI 2013) 
(ay Explain “birth rate” in a population by 
taking a Suitable example. 
(b) Writethe other two characterstics which 
an individual 
cannot. (AI 2013) 
(a) Explain “death rate” in a population by 
taking a suitable example. 


only a population shows but 


(b) Write the other two characterstics which 
an individual 
(AI 2013) 


only a population shows but 
cannot. 


Population density 





Time (t) —> 


A forest hardly has any carnivores. Census of 
herbivorous mammals was taken and plotted 
as a graph shown above. Identify the curve 
that will explain the population growth of 
herbivores. Give reason to your answer. 
(AI 2013C) 
(a) List any three ways of measuring 
population density of a habitat. > 
(b) Mention the essential i - 
sential information that 


can be obtained by studying the i 
density of an organism. P D >) 





ee ee gee = 
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84. Explain with the help of an example each of 
the three population interactions where the 
organisms live closely together. (AI 2011C) 

85. (a) Explain the birth rate and death rate in 
the population with the help of an example 
each. 

(b) What is age-pyramid? Draw an age- 
pyramid of an expanding population. 
(AI 2011C) 


86. Why is predation required in a community 
of different organisms? (Foreign 2009) 


(5 marks) 


87. (a) What is an age-pyramid? 
(b) Name three representative kinds of age- 
pyramids for human population and list the 


characteristics for each one of them. 


88. (a) Compare, giving reasons, the J-shape 
and S-shaped models of population grafy 
of a species. 

(b) Explain “fitness of 
mentioned by Darwin. 

89. (a) Represent diagram 
kinds of age pyr 
populations. 
(b) How does i 
population at 










g for future. 
(Delhi 2016) 


erent attributes that a 
as and not an individual 


90. (i 


(b) What is population density? Explain 
any three different ways the population 
density can be measured, with the help of an 
example each. (AI 2015) 


91. (a) Name the population growth pattern 


the equation z = rN } represents. 


What does “r” represent in the equation? 
Write its importance in population growth. 

(b) Explain the principle of carrying 
capacity by using population Verhulst- Pearl 
logistic growth curve. (AI 2014C) 
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$ Explain the equation 
> i N, = N, + [(B + D - (D + E) 


on the basis of the flow chart given below 












ty of different: spaig 
(Deihi 20110 














93, 
nteractions and answer th 


yat follow: 





EE 
cies A | Species B Name of 

Interaction 

See SOPO eer E 

- | 0) (a) | 

| 


| | (b) 


we < -zomm ee a 


- m _ta_ 
T + (d) | 





0 (e) 
[Note : (+) plus = beneficial interaction: 
(-) minus = detrimental interaction; (0) 
zero = neutral interaction] 

(i) Identify the interactions (a) to (e). 

(ii) Explain each one of them. 

(Delhi 20110 


94. (a) List any three parameters used by 
ecologists under different situations 
measure the population size in a habitat. 
(b) Mention what do the following stand 
for in the equation given below: 

(i) Ni 
(ii) Band 
(iii) E. 
Nt =N,+((B+1)-(D+E)] 
Give an explanation for the above equation 
(Delhi 200% 

95. List the different ways by which organis™ 
OPE Or manage with abiotic stresses " 
nature. Explain any three ways listed. 

(Al 20090 


+ 





rganisms and Fopurations 





Bombyx mori (silk moth) is an insect that 
onters diapause due to some adverse environmental 
conditions such as drought, extreme temperature, 
reduced food availability; which, in turn, delays 
he overall development. The physiological and 
metabolic activities diminish at this particular 
time. 

2, Green algae are photosynthetic in nature. In 
the deepest strata of the ocean i.e., benthic zone, 
light does not penetrate therefore, this zone is in 
perpetual darkness and photosynthetic organisms 
such as green algae cannot survive in this region. 

3, Bears undergo hibernation to escape from 
stressful time in winter. In hibernation, they 
seek a warm shelter and remain dormant, their 


respiration rate turns low and they consume 
stored food. 


4. Mesophytic seed bearing plants sometimes 
have to face hot and dry weather conditions. 
They survive such adverse conditions by forming 
underground perennating structures such «as 
corms, rhizomes, tubers, etc. Xerophytic plants 
on the other hand have to face hot and dry 
conditions throughout the year, They show 
Various adaptations like sunken stomata, fleshy 


organs, leaves reduced to spines, extensive root 
system, etc. 


5, Snails undergo aestivation to escape from 


stressful time in summers. 


®. Some organisms can tolerate a wide range of 
“mperature variations, ¢.g., most mammals and 
oe They are called eurythermals while other 
anisms live within narrow range of temperature 
“cause of their requirement of nearly constant 
“Mpeture throughout the year e.g. polar bear, 
ards, amphibians, and are called stenothermals. 
dut Green plants are photosynthetic and nom 

Sy atrophic mode of nutrition. They requ 
Tight to photosynthesise. Light does not 
e beyond a certain depth in grar 
ence very deep layers remain in Pes 
can ess. In the absence of sunlight green p aKa 
‘haa Manufacture their food and hence can ot 

of the Therefore, they are found in those rego 
“ Ocean where sunlight is available. 


. 
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8. Most animals are active during a particular 
period of the day, e.g., butterflies and most birds 
are active during day time hence called diurnal 
whereas few animals like rat, cockroaches and 
birds like owl are active during night hence called 
nocturnal. i 

Various activities like flowering in plants and 


migration in birds and animlas are affected by 
seasonal variations. 


9. Camouflage is the ability of an organism to 
blend with the surroundings or background. It is 
the most common type of adaptation in animals. 
It is advantageous to insects whether they act as 
prey or predator. Prey insects can easily hide from 
their predators and escape from them whereas 
predator insects can also hide from their prey and 
remain unnoticed so that easily attack their prey. 
10. (a) Heart palpitation 

(b) Sickness is due to low atmospheric pressure 
of high altitudes, as body does not get enough 
oxygen. j 
(c) After sometimes, body compensates for 
low oxygen availabilty by increasing red blood 
cell production, decreasing binding capacity of 
haemoglobin and by increasing breathing rate. 

11. Plants inhabiting desert (xerophytes) are not 
found in mangroves, because xerophytic plants 
are adapted to dry and hot environment. They 
possess various physical modifications to tolerate 
extreme water scarcity and heat, like extensive root 
system, succulent organs, leaf reduced to spine, 
etc. Mangrove swamp is a region of vegetation 
where soil is highly saline and water logged. 
Only halophytes can survive in such regions as 
they possess aerial roots called pneumatophores 
through which gaseous exchange occurs. Roots 
of xerophytes are positively geotropic and will 
suffocate and die in such badly aerated soil 
ultimately leading the whole plant to death. 

12. Plants that inhabit rainforest are not able to 
germinate in wetland due to presence of excess 
water and anaerobic conditions (due to water 
logging). Wetlands are marshy areas and plants 
growing there have negatively geotropic roots 
called pneumatophores which help in gaseous 


exchange. Pneumatophores are not present j 
plants inhabiting rainforests. n 
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13. If a freshwater animal is placed in marine 
environment, then it will not be able to survive 
because of osmoregulation problem. The 
freshwater animal is adapted to live in fresh 
environment, so, if it is kept in saline water, it 
will not be able to cope with outside hypertonic 
environment and it would face death. 

14. Atmospheric pressure is low at higher 
altitudes as compared to plains. When we go 
for a trek/trip on high altitude, then due to low 
atmospheric pressure our body does not get 
enough oxygen, as a result of which we experience 
nausea, fatigue and heart palpitation (altitude 
sickness). But by taking rest for first two days, 
body gets acclimatised to high altitude conditions. 
The body compensates low oxygen availability by 
increasing red blood cell production, decreasing 
binding capacity of haemoglobin and increasing 
breathing rate. Hence, we automatically stop 
experiencing altitude sickness. 

15. Desert plants or xerophytes have various 
adaptations to cope with dry, hot environmental 
conditions such as leaves with thick waxy, hairy, 
coating to reduce transpiration, leaves reduced to 
spines and photosynthetic stems, fleshy organs to 
store water, sunken stomata that open only during 
night and deep penetrating roots that reach water 
table. 

16. Sharks being eurythermal can.tolerate wide 
range of temperature variations and thus have 
wider distribution on earth, on the other hand, 
polar bear being stenothermal can tolerate only 
narrow range of temperature and is restricted to 
specific regions only, 

17. Animals inhabiting cold areas possess thick 
coat of hairs, feathers and subcutaneous fat to 
reduce loss of body heat. 

18. Refer to answer 14. 


19. Small animals have large surface area relative 
to volume, so they tend to lose body heat very 
fast in cold environment as compared to large 
animals, ‘Ihey have to spend more energy to 
generate body heat through metabolism. Thus, 
considering the difficulty of maintaining constant 
internal temperature, small animals are rarely 
found in polar regions. 

20. To tide over unfavourable conditions, some 
organisms suspend their metabolic activities. 
These are discussed as follows : 
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nd lower plants develop 


. : ia 
(i) Bacteria, fung Which germinate during 


thick walled spores 
suitable conditions. | 
(ii) Polar bears go into hiberna 


ld. 
season to escape CO E 
(iii) Some snails and fish undergo aestivation 


to avoid summer related problems like heat and 


dessication. 
(iv) During 
zooplanktons in 
to enter diapause, 


development. | | 
21. Theorganismin which osmotic concentration 


of body fluids and body temperature changes 
according to ambient conditions is | called 
conformer. E.g., in aquatic animal Asterias, the 
osmotic. concentration of body fluids changes 
according to the osmotic concentration of the 
surrounding water. 

22. Normal body temperature of humans is 
about 37°C. Humans maintain constant body 
temperature by homeostasis. During summer, 
when external temperature rises, we begin to 
sweat profusely. As sweat evaporates, cooling of 
body occurs. 


23. Desert lizards lack the physiological 
ability that mammals have to deal with the high 
temperature. They keep their body temperature 
fairly constant by behavioural means. They enjoy 
in the sun and absorb heat when their body 
temperature drops below the comfort zone, 
but move into shade when the surrounding 
temperature starts increasing. Some species are 
capable of burrowing into the soil to hide and 
escape from too much heat. 


24. Bears undergo hibernation during winters 
to escape extreme cold. It is characterised by 
low body temperature, slow breathing and heart 
rate and low metabolic rate. However, diapause 
is a stage of suspended development or growth 
occurring in many insects and other invertebrates 
during Which metabolism is greatly decreased. 
Diapause is often triggered by seasonal changes 
and regulated by inborn rhythm. 

25. When the ambient temperature is very low 
tie body starts shivering. It is an exercise tha! 
raises body temperature and helps to maintain 


ee internal body temperature at about 37° 
y mechanism of homeostasis 


tion during winter 


unfavourable conditions, 
lakes and ponds are known 
i.e. stage of suspended 








| 
| 
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Hummingbird is a small animal that h 

26. as 
rge surface alt as compared to volume. In 
-older envir ponte it will lose heat very fast and 
«ill have to spend more energy in maintaining 
internal body at een as Compared to large 
sized animals. It af ecause of this reason small 
ized animals like umming bird do not occur 
in polar regions. p enews found in polar regions 
have narrow and acuminate wings as compared 
o broader wings of birds of warmer areas and 
assess thick fur, subcutaneous fat and small 
extremities which help in conservation of heat so 
if they inhabit warm tropical areas they won't be 
„ble to dessipate extra heat and will suffocate and 
die. 

17, Refer to answer 22 and 25. 

38. (a) Organisms may be conformers or 
regulators. 

Conformers are the organisms that have following 
characteristics: 

i) A constant internal 
homeostasis is absent in them. 
(ii) Their body temperature changes according 
to that of the environment. 

(ii) Osmotic concentration of body fluids varies 
according to that of external medium. 
(iv) They consume lesser amount of energy. 
(v) They have a narrow range of distribution. 
(vi) They are less active. Example : Asterias 
en are the organisms that have following 
characteristics: 
i They possess homeostasis. 
i) They maintain their body temperature. 
= the body fluids have a fixed os 
~ centration. 
¥ They consume large amo | 
They have a wide range of distribut 


k They are more active. Example 
“Ings 


environment or 


motic 


unt of energy: 
ion. 
. Human 


` During the course of evolution, the cost 


T enefits of maintaining a constant a 
o ament were taken into considera 

do 'Sidering the huge cost of maintaining a i ; 
bo y temperature and osmotic concentra e 
: Y fluids, many organisms have not ` A 
Meostasis, ‘Therefore, an overwhelm g 


Yor; ç, Their 
bod ity (99%) of animals are © ; 

temperature changes Wt 
y e fature, Due to this reason, 


0 ‘ i al word. 
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29. Refer to answer 22 and 25. 

30. Physiological and behavioural adaptations 
help organisms to manage stressful conditions. 
These include migration, hibernation, aestivation, 
camouflage, mimicry etc. Caribou migrate during 
winter to warmer places for search of food. Some 
animals undergo hibernation during winter to 
avoid low temperature whereas others undergo 
aestivation to avoid extreme heat. Viceroy 
butterfly mimics unpalatable toxic monarch 
butterfly in order to get protection against 
predator. 

31. Ecological adaptations are special 
characteristics evolved or developed by organisms 
in order to live comfortably and successfully under 
a prevailing set of environmental conditions. 
Adaptations may be morphological, physiological 
or behavioural ora combination of them. The 
ultimate aim of all adaptations is to make the 
individual fit‘to obtain food and space for its 
survival, opportunities for its reproduction and 
rearing of young ones. 

Various kinds of thick walled spores are formed 
in bacteria, fungi and lower plants which help 
them survive under unfavourable conditions. 
These germinate on return of suitable conditions. 
Some organisms retard their metabolic activities 
under stress conditions and undergo hibernation 
or aestivation. For example, polar bears go into 
hibernation during winter season to escape 
extreme cold. Some snails and fish undergo 
aestivation to avoid summer-related problems 
like heat and dessication. Under unfavourable 
conditions many zooplanktons in lakes and 
ponds are known to enter diapause i.e., a stage 
of suspended growth and development. Seeds 
remain dormant in unfavourable conditions. They 
break dormancy and germinate in favourable 
environmental conditions. 


32. Refer to answer 14. 

33, (a) Regulators are organisms which maintain 
constant internal environment despite changes 
in external conditions through thermoregulation 
and osmoregulation. Such organisms generally 
have wide range of distribution. 

(b) Organisms can overcome stressful external 
conditions by following adaptation : 

(i) Migration - Birds of colder areas of northern 
hemisphere begin their southward migration as 
the day length begins to shorten. 
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(ii) Aestivation - Ground squirrels undergo 
aesti-vation to avoid heat by spending dry hot 
period in burrows. 
34. Refer to answer 14. 
35. Water is very essential for life. Plants and 
animals show various adaptations to cope up 
with water scarcity in the area where they are 
found. Some of the adaptations seen in plants 
which enable them to survive in water scarce 
environment are as follows: 

- Some plants have deep tap root system which 
is capable of absorbing water from deep soil 
e.g., Prosopis, Acacia etc. 

- Cacti and succulents, have fleshy leaves and 
stems to store water. 

- Many tropical plants, which grow in hot 
and arid climates possess C, pathway of 
photosynthesis. So, these plants perform 
better in low soil water environments. Such 
plants, use less water to achieve higher rates 
of photosynthesis. 

Some of the adaptations seen in animals 

which enable them to survive in water scarce 

environment are as follows: 

— Desert lizards keep their body temperature 
fairly constant by behavioural means. They 
enjoy in the sun and absorb heat when 
their body temperature. drops below the 
comfort zone but move into shade when the 
surrounding temperature starts increasing. 

- The Kangaroo rat conserves water by 
excreting nearly solid urine and can live 
from birth to death without even drinking 
water. 

- The camels shows tolerance to wide 
fluctuations in body temperature and are 
able to maintain blood stream moisture even 
during extreme heat stress. 

36. Living organisms cope with stressful 

conditions by any of the following methods: 

(i) Migration : The organism can migrate 

temporarily from the unfavourable habitat to more 

favourable area and return when unfavourable 
period is over e.g., Siberian birds migrate from 

Siberia to other parts every winter. 

(ii) Hibernation : The phenomenon of spending 

extreme cold period of the year in an inactive 
stage by an animal, e.g., polar bears undergo 
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hibernation during winter season to eSCape 
extreme cold. 
(iii) Aestivati 
dry hot perio 


on : The phenomenon of spendin 
d of the year in an inactive stage by 
an animal e.g. snails and fish. 

(iv) Diapause: It isa dormant i of Pian 
development of an organism. — IS period 
there is reduction in the amount of free water. 
37. (a) The line graph, # depicts conformers, 
(b) The line graph ‘B’ depicts regulators. 

(c) Refer to answer 28 (a). 

(d) Humans belong to the category of regulators, 
38. (a) (i) Regulate The organisms which 
can maintain’ a constant body temperature and 
constant osmotic concentration despite changes 
in the external environment are called regulators 
such.as human beings, birds, etc. They possess 
homeostasis mostly through thermoregulation 
and osmoregulation by physiological adjustments 
and rarely by behavioural changes. ‘They have a 
wide range of distribution and are more active. 
For example, we maintain a constant body 
temperature of 37 °C. In summer, when outside 
temperature is more than our body temperature, we 
sweat profusely. The resulting evaporative cooling 
similar to what happens with a desert cooler in 
operation, brings down the body temperature. In 
winter when the temperature is much lower than 
37 °C, we start to shiver, a kind of exercise whic 
produces heat and raises the body temperature. 


(ii) Conform : Some organisms conform t 
their external environment because they canno 
maintain homeostasis internally, hence, the’ 
are called conformers. Their body temperatur 
and Osmotic concentration change according t 
their surroundings. They have a narrow range ¢ 
distribution and consume lesser energy. Egi 
aquatic animal Asterias, the osmotic concentratio 
of body fluids changes according to the ostnot! 
concentration of the surrounding water. 
(iii) Migrate : Under unfavourable condition 
er Organisms migrate to more favourable are 
m : a a When the conditions are less hostil 
etc. Many uk i 7 search of food, ae 
ues a S, specially birds, migrate dur! 
map tie th Ore favourable areas. E.g., AIC 
National P prey etc. Every winter the Keolad 
ark (Bharatpur) in Rajasth ecelv 
thousands of migratory bird Jast an T a 
Siberia and other so ha s which comes 
northern regions. 
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suspend : To tide Over unfavourabl : 

conditions, som Organisms suspend th a 
lic activities. Bacteria, fungi and lo S 

germinate during suitable conditions, Polar bear 

into hibernation during winter season to esca s 

“old. Some snails and fish undergo i on 

0 „void summer related problems like heat and 

dessication. 

b) Death rate is defined as the number of deaths 

per 1000 individuals of a population. Since, total 

„umber of butterflies = 80, 

Number of butterflies that died = 8 


metabo 


8 
Death rate = D = 0.1 butterflies per week 


39, (a) Tourists visiting high altitude areas 
such as Rohtang Pass or Mansarovar, experience 
sltitude sickness. Its symptoms include nausea, 
fatigue and heart palpitations. This is because in 
the low atmospheric pressure of high altitudes, the 
body does not get enough oxygen. But, gradually 
it gets acclimatised and stops experiencing 
altitude sickness. The body compensates low 
oxygen availability by increasing red blood cell 
production, decreasing the binding affinity of 
haemoglobin and increasing breathing rate. Thus, 
the visitors are advised to resume their normal 
active life involving heavy works, only after few 
days because for doing heavy tasks our body 
needs energy and this energy is obtained by the 
oxidation of glucose. This oxygen is carried to the 
cells by haemoglobin present in RBCs. AS oxygen 
is the limiting factor in high altitudes, more 
carrier molecules i.e haemoglobins are neede 
to provided sufficient amount of oxygen to cells. 
Thus, increased RBC production that starts 1N 
a few days after reaching altitudes prepare’ the 
tourist to lead a normal active life. 
(b) According to Bergmans rule, temperate 
affects the absolute size of 2” animal and the 
à ative proportion of various body part 
a mammals attain greate! body sv smaller 
Ropes than in warm areas Thus; 
Ry are rarely found in d ir 
e explained as that små olume an 


d e 

"ger surface area relative tO their “ hen it 1S 

tly tend to loose body heat very | a y have 
Outside. Due to higher heat 10° heat 


enerate 


body § 


0 
S 
Pend much energy t° & ize reduces 


i 
ough metabolism. Greater 
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surface area to volume ratio and decreases heat 
loss which is very essential for surviving in cold 
polar regions. 

40. Parasitism 

41. Commensalism 

42. Commensalism 

43. Mutualism 

44. Gauses competitive exclusion principle 
states that two or mote species with similar niche 
requirements cannot coexist indefinitely in the 
same area and one of the two gets eliminated. 

45. Members of fungal genus Glomus often 
form symbiotic association with the roots of 
higher plants. These associations are termed as 
mycorrhizae. 

Fungus helps the plantroot in absorption of water 
and mineralsand also helps the plants to increase 
tolerance to salinity and drought. In return plant 
provides food to the fungus. 

46. Many species of fig trees have mutual 
relationship with the pollinator species of wasp. 
A given fig species can be pollinated only by its 
partner wasp species and not by other species. The 
female wasp uses the fruit not only asan oviposition 

(egg laying) site but also uses the developing seeds 

within the fruit for nourishing its larvae. The wasp 

pollinates the fig inflorescence while searching for 

suitable egg-laying sites. In return the fig offers the 

wasp some of its developing seeds as food for the 

developing wasp larvae. 

47. An age pyramid for expanding human 

population is as follows: 





Post-reproductive 
individuals 


ATTTL 
PTitiTitii ii 
ATit11 1 

wage 


individuals HHHH 
Pre-reproductive 
individuals 
48. Amensalism. 
49. Phytophagous in 
other parts of plants. 
50. Commensalism 
51. Refer to answer 46. 
52. Cattle and goats are never seen grazing 
on Calotropis, because Calotropis is a weed that 
roduces highly poisonous cardiac glycosides. 
It is a harmful chemical that makes herbivores 
sick, inhibits feeding or digestion, disrupts 
reproduction oF even kills them. 


sects feed on plant sap and 
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53. Death rate of fruitfly population for given 
time period will be: 

8/80 = 0.1 individuals per fruitfly per week. 
54. Birth rate is calculated as 10/20 = 0.2 
offspring per Hydrilla per year. 

55. Mutualism is the interaction between clown 
fish and sea anemone. The clown fish lives among 
the stinging tentacles of sea anemone and gets 
protection from its predators. Clown fishhasaslimy 
mucus covering that protects it from the poisonous 
tentacles of sea anemone. Also clown fish makes 
its meals from the anemone’s leftover. In return 
clown fish helps anemone in catching its prey by 
luring other fish towards it. It also eats the dead 
tentacles keeping the anemone and the area 
around it clean. 

56. Refer to answer 46. 

57. Mutualism is an interaction between two 
organisms of different species where both the 
partners are benefitted and the association 1s 
obligatory. E.g., : nitrogen fixation in root nodule 
of legume by Rhizobium bacteria and pollination 
of orchid flower Ophrys by bee. 
58. Differences between 
competition are as follows: 


Parasitism 


It is relationship be- 
tween two living or- 
ganisms of different 
species in which one 
organism obtains 
food from another 
living organism. 


parasitism, and 






Competition 
























Ití is rivarly be- 
tween twoor more 
organi sms of same 
or different species 
for obtaining the 
same resources. 
























E.g., in forest ar- 
eas, trees shrubs, 
herbs and vines 
compete with each 
other for sun- 
light, nutrients, 
water,pollinators 
etc: 


E.g., lice, an, ecto- 
parasite sucks blood 
of animals and Try- 
panosoma, an en- 
doparasite feeds on 
body fluid. 




















Both parasitism and competition are negative 
population interactions. In parasitism, one 
organism (parasite) has negative effect on other 
organism (host) and in competition, both species 
are negatively affected. 

59, The bell-shaped age pyramid reflects a stable 
growth status of human population. It can be 
represented as follows: 





a CBSE Champion Biology Class ; 


Post-reproductive 


Reproductive 


Pre-reproductiye 
60. According to Verhulst-Pearl 


rowth, population in d 
ekion. S-shaped growth form is found i 


stable population. It shows population grow 
in a habitat with limited resources. Population 
shows initially a lag phase, followed by phases 
increase and decrease and finally the populatio 
density reaches the carrying capacity. A plot ofy 
in relation to time)(t) results in a sigmoid curve 
This type of population growth is called Verhuls. 
Pearl logistic growth as explained by the following 


equation : 


Where N = population density at a time t; r= 
intrinsic rate of natural increase and; K = carrying 
capacity. 

61. The differences between mutualism and 
commensalism are as follows : 


| Mutualism Commensalism 


(i). |Itisan It is an association 
association between two organisms 
between two in which only one i$ 
organisms in benefitted. The second 
which both are [is neither benefitted no! 
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2. Mutualism | is an interaction between two 

anisms of Ga EE where both the 70. (a) Inthe population equation GN eN, T 
imas r of living AS E of the two isthe intrinsic rate of natural eee 
site entity which is ened acct ie isa (b) It is a very important parameter chosen for 
alga (phycobiont) and a fungus fesenlesin he assessing impacts of any biotic or abiotic factor 
main body of the lichen is formed of fungus. The ne popu aton growth. Its value depends upon the 
fungus also provides fixation, water, minerals and a a. 
shelter to the alga. The alga manufactures food 71. Initial number of lotus plants = 40 
not only for itself but also for the fungus. This Current population = 56 

No. of lotus plants added = 16 


interaction OF relationship allows the lichen to 
grow in highly hostile environment like bare rock. Birth rate = 16/40 = 0.4 lotus plants per year 
72. Mycorrhiza is a mutualistic interaction 


63, Refer to answer 46. 
64, Refer to answer 55. between fungus and roots of higher plants. The root 
65. Brood parasitism in birds is a fascinating provides food and shelter'to the fungus. The fungus 
example of parasitism in which the parasitic bird helps the plant in solubilisation and absorption of 
lays its eggs in the nest of its host and lets the host purer ae uptake. and protection agams: 
incubate them. During the course of evolution, pathogenic fangi. | _ 
the eggs of the parasitic bird have avokved to The égret and grazing cattle in close association 
resemble the host's eggs in size and colour to is ai example of commensalism. Commensalism 
educe the chances of the host bird detecting the | the interaction in which one organism © 
foreign eggs and ejecting them from the nest benefitted and other organism is neither harmed 
Laying eggs by koel in crow’s nest is an example y Q i benefitted. The egrets always forage close to 
brood parasitism where the cattle are grazing because the cattle, 
l th , sti d flush out f t 
66. The Mediterranean orchid Ophrys employs a> F ONG a P uP he cai th b aa 4 
sexual deceit to get pollinated by a_species of fo Ah ron -o W H ne might be dificult 
or the egrets to find an catcn. 
bee. One petal of its flower bears an uncanny y lay i 
resemblance to the female of the bee in size, a Di p i a ei tant role in ecosystem. 
colour and markings. The male bee is attracted a ae aaa ae 5 . 
to what it perceives as a female, pseudocopulates Q aR ard ee A aia nature, the 
with the flower, and in that process pollinates the population of predator is quite small as compared 
ee ee m fes about cross pollination in t that of the prey. The prey has high reproductive 
the O i, E 6 potential. If, for some time, the prey population 
67 3 for PR is allowed to grow without predation, then it 
. Refer to answer 6°. would grow beyond the carrying capacity of the 
68. Prey species have evolved various defenses environment. The predator keeps the population 
to lessen the impact of predation. Some species of the prey under check so that an equilibrium 
of insects and frogs are cryptically coloure’ is maintained. Example, the prickly pear cactus 
(camouflaged) to avoid being detected easily introduced in Australia in the early 1920's caused 


by the predator. Some mimic poisonous insects havoc by spreading rapidly into millions of 
in design, colour and pattern and therefore are hectares of rangeland. Finally, the invasive cactus 
was brought under control only after a cactus- 


avoided by the predators. 
in close feeding predator (a moth) from its natural habitat 


69. The egret and cattle grazing 
was introduced into the country. 


association is an example of commensalism. 
Commensalism is the interaction in which one (ji) Maintaining species diversity : Predators 


Organism is benefitted and other organism 1S also help in maintaining species diversity in 
neither harmed nor benefitted. The egrets always a community, by reducing the intensity of 
forage close to where the cattle are grazing because competition among competing prey species 
the cattle, as they move, stir up and ush out from Example, in the rocky intertidal communities of 
ı the vegetation insects that otherwise might be the American Pacific Coast, the starfish Pisaster is 


difficult for the egrets to fnd and catch. an important predator. 


CO it 
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When all the starfish were removed from an 
enclosed intertidal] area, more than 10 species 
of invertebrates became extinct within a year 
because of interspecific competition. 

(ili) Vegetation : Predation helps in growth 
of vegetation all over the globe by restricting 
population of herbivores. 

74. Parasitism is the interspecific interaction 
where one of species (called parasite) depends on 
the other species (host) for food and shelter and 
damages the host. E.g., malarial parasite in blood 
cells ofhumans. Coevolution in parasitism refers to 
the process in which parasite evolves mechanism 
to interact and neutralise the mechanism evolved 
by the host to reject or resist parasite. 

75. (a) Two growth models of population 
growth are as follows: 

(i) J-shaped curve showing exponential growth 


It isan association between 
two organisms in which 
both are benefitted. 








is neither 
harmed. 






Contact between the two 
organisms is obligatory. 













Nitrogen fixing blue-green 
alga or cyanobacterium 
called Anabaena is 
associated with water fern 
Azolla in a mutualistic 
interaction. 


77. (a) There is ample food and space for the 
population depicted by the curve A. When the 
resources are unlimited, the curve is exponential. 
There is limiting food and space for the population 
depicted by the curve B. When the resources are 
limiting, the curve becomes sigmoid. 

(b) In the absence of predators, curve B would 
appropriately depict the prey population. | 
c) The dotted line represents the carrying 
capacity of the environment. The carrying 











one is benefitted. The second 
benefitted nor 


Contact between commensal 
and its benefactor may be 
periodic or continuous. 


Many epiphytes, e.g., orchids, 
are found growing on the 
branches and in the forks of 
trees. These epiphytes use the 
trees only for attachment and 
manufacture their own food 
by photosynthesis, 
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(ii) S-shaped curve showing logistic growth 


| 
| 


Population density (N) —~ 





Time (t) — 
A exponential, B logistic. 


(b) Difference in shape of curves is due to 
difference in amount of resources available, | 
(c) Human population growth _ represent 
logistic. growth form. This curve is sustainabk 
as resources are limited and environment canno 
support population beyond carrying capacity, 

76.. Differences between mutualism, 
commensalism and parasitism are as follows: 


















species in which one organism 
called parasite obtains its food) 
from another living organism 
called host, i.e., one is benefitted 
and other is harmed. 


Contact between host and 
Parasite may be temporary o 
permanent. 


E.g., Cuscuta is a total stem 
Parasite, malarial parasite is found 
intracellulary (endoparasite) etc. 
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ed by reproductive then post-reproductive 

| „dividuals. Thus, in rapidly growing population, 

jth rate is high and population keeps growing. 
(a) It is important to measure population 

sine of habitat because it indicates that whether 
opulation is flourishing or declining. 

'b) The percentage cover or biomass is a more 

meaningful measure of the population size in a 

| where only a single huge banyan tree 


iş accompanied by large number of Parthenium 


plants. 
| g0. (a) Birth rate refers to per capita births, i.e., 


| average number of individuals produced per unit 

time. For example, if in a pond there were 20 

lotus plants last year and through reproduction 
g new plants are added, then taking the current 
population to 28, we calculate the birth rate as 

| 9/20 = 0.4 offspring per lotus per year. 

| b) Other attributes of population which 

| individuals cannot show include - 

(i) Death rate - An individual dies but a 
population has death rate. It refers to per capita 
deaths, ie, average number of individuals that 
die per unit time. If 4 individuals in a laboratory 
population of 40 fruitflies died during a specified 
time interval (say a week), the death rate in 

the population during that period is 4/40 = 0.1 

individuals per fruitfly per week. 
(ii) Sex ratio - An individual has sex but a 
population has sex ratio, j.e., number of females 
and males per 1000 individuals. E.g., 60% of 
population are females and 40% are males. 

| 8I, (a) Refer to answer 80 (b). 

(b) Refer to answer 80 (a) and (b). 

82. The population growth of herbivores will 

- have J-shaped curve, as population increases 
xponentially. In absence of predators, i.e., 

_ &tnivores, Exponential growth is represented by 

| ‘quation ; AN _ rN 


follow 


N- 

_ “> Population density at time t 

| Time 

Te — 

| p insic rate of natural increase 
PAR Population density means number 
m dividuals present per unit area or per 
Ion volume of the environment in which the 

| ‘iy exists. We can find out population 

si np , 

| size ty ofa habitat by determining the population 

| 

| 
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The different methods to study population size are 

as follows: 

- Quadrat method : It is a method which 
involves the use of square of particular 
dimension to measure number of organisms. 
For example the number of Parthenium 
plants in a given area can be measured using 
the quadrat method. 

- Direct observation: It involves counting 
of organisms. For example, in order to 
determine the number of bacteria growing 
in a petri dish, their colonies are counted. 


- Indirect method :/The number of fishes 
caught per trap gives the measure of their 
total density in a given water body. 

(b) Population has attributes that individual 

organisms do not. These include birth rate, death 

rate, sex ratio and age distribution. The proportion 

of different age groups of males and females in a 

population is often presented graphically as age 

pyramid; its shape indicates whether a population 
is stationary, growing or declining. Ecological 
effects of any factor on a population are generally 
reflected in its size (population density), which may 
be expressed in different ways (numbers, biomass, 
percent cover, etc.) depending on the species. The 
size of the population tells us a lot about its status. 

By studying the population of an organism, we can 

also know how population grows through births 

and immigration and declines through deaths and 
emigration. 

84. Population interaction is the interaction 

among individuals of the same species or of 

different species, in which individual may get 
benefitted, harmed or remain unaffected. 

Three population interactions are - 

(i) Mutualism - It is an interaction between 

individuals of two different species where both are 

benefitted and none is capable of living separately. 

E.g., association of Rhizobium bacterium with 

root nodules of leguminous plants for nitrogen 

fixation. 

(ii) Commensalism - It is an interaction 

where two animals live together without any 

physiological dependence between them, where 
dae tnacien bibowea tie sgt at 
cattle egret and cattle. 
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(iii) P roto-cooperation - Two organisms are 
mutually benefitted by each other. But the 
association is non-obligatory. E.g. association 
between crocodile and bird. Crocodile bird enters 
the open mouth of crocodile and feeds on leeches 
present there and helps crocodile in getting rid of 
leeches. 

85. (a) The birth rate (natality) of a population 
refers to the average number of young ones 
produced by birth, hatching or germination per 
unit time (usually per year). In the case of humans, 
it is commonly expressed as the number of births 
per 1,000 individuals in the population per year. 
The death rate (mortality) of a population is 
the average number of individuals that die per 
unit time (usually per year). In humans, it Is 
commonly expressed as the number of deaths per 
1,000 persons in a population per year. 

(b) Age pyramid is a model representing 
geometrically the proportion of different age 
groups in the population of any organism. It 
is a vertical bar graph in which the number or 
proportion of individuals in various age ranging 
at any given time is shown from youngest at the 
bottom of the graph to oldest at the top. 

For diagram refer to.answer 47. 

86. Predators plays an important role in a 
community: 

(i) They act as conduits for energy transfer 
across:trophic levels. 

(ii) Predators keep prey population under 
control. They are used for biological control of 
weeds and pests. 

(iii) Predators help in maintaining species 
diversity. 

(iv) They help in growth of vegetation by 
controlling population of herbivores. 

87. (a) Age-pyramid is a graphic representation 
representing geometrically the proportion of 
different age groups, i.e. pre-reproductive, 
reproductive and post-reproductive groups in 
the population of any organism. It is a vertical 
bar graph in which the number or proportion of 


viduals in various age ranges at any given time 


indi 
is shown from youngest at the bottom of the graph 


to oldest at the top. 
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(b) There are three basic types of age Pyranig 
(i) Triangular Age Pyramid : Pyramig i‘ 
broad base OF triangular structure jng;. 
a rapidly expanding population with i 
percentage of pre-reproductive indivig i 
Number of reproductive individuals is mog, 
while post-reproductive individuals are fewe 


can be shown as: 


l 
Post-reproductive 
Reproductive 


Pre-reproductive 





Triangular 
(Expanding population) 

(ii) Bell-Shaped Age Pyramid: The number, 
pre-reproductive and reproductive individual 
almost equal. Post-reproductive individuals a 
comparati-vely fewer. The population size remi 
stable, neither growing nor diminishing. 

Zs , 

= NS Post-reproductive 








Bell-shaped 
(Stable population) 
(iii) Urn-shaped Age Pyramid : Proport 
of reproductive age group is higher than 
individuals in pre-reproductive age gro 
Number of post-reproductive individuals i 
sizeable. It is declining or diminishing popula 
with negative growth. It can be shown as: 


Post-reproductive 
Reproductive 


Pr e-reproductive 





Urn-shaped 


(Declining popu 
88. (a) The comparison between nl 
or exponential] growth and S-shaped or 
growth model is as follows : 


i ulations 

























exponential or 
y-shaped growth 
it occurs when 
the resources are 
abundant. 


population passes 
well beyond the 
carrying capacity 
of the ecosystem. 


Logistic or 
S-shaped growth 


It occurs when 
the resources are 
limited. 


















Population seldom 
grows beyond the 
carrying capacity of 
ecosystem. 



























A stationary or 
steady phase is 
reached. 


A stationary Or 


steady phase is 
seldom achieved. 









Population seldom 


Population crashed 
crashes. 


ultimately due to 
mass mortality. 


It has two phases, 
lag and log. 



















It has four phases— 
lag, log, deceleration 
and steady. 





It is more common, 
e.g., members of 


wildlife. 


It occurs in fewer 
organisms, e.g., 
lemmings, algal 
bloom. 






b) The fitness, according to Darwin, refers 
ultimately and only to reproductive fitness. Hence, 
those who are better fit in an environment, leave 
more progeny than others. These, therefore, will 
survive more and hence are selected by nature. 
He called it natural selection and implied it as a 
mechanism of evolution. 
89, (a) Refer to answer 87 (b). 
b) Age pyramid is a graphic representation of 
different age groups in a population with pre- 
reproductive groups at base, reproductive ones in 
middle and post-reproductive groups at the top. 
Age pyramid helps policy makers in planning for 
ture as it determines whether the population is 
"xpanding, stable or declining. 
0. (a) Refer to answers 80 (b) and 83 (b). 
Population density is defined as number of 
x viduals of a species per unit area or per unit 
me of environment. Population density may 
‘Measured by (i) numerical density calculated 
jRhunbex of individuals per unit area or volume. 
ints See if in a pond there were 20 lotus 
ants ast year and through reproduction 8 new 
8 the bi added, taking the current population to 
rth rate will be calculated as 8/20 = 0.4 


A 
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Biomass density 
or volume. For 
00 Parthenium 
then 


offspring per lotus per year. (ii) 
calculated as biomass per unit area 
example if in an area, there are 2 
plants but only a single huge banyan tree, 
the percent cover or biomass 1s more meaning 
measure of the population size. (iii) . 
Abundance or absolute number of population. 
For ecological investigations, population density 
is measured as absolute population densities OF 
relative densities. For example the tiger census 
in our National parks and tiger reserves 1S often 
based on pug marks and fecal pellets. 


91. (a) The equation = = rN epresents expo- 
t 


nential growth form. ‘r represents intrinsic 
rate of natural increase, It is a very important 
parameter chosen for assessing impacts of any 
biotic or abiotic factor on population growth. 
Its value depends upon the birth rates and death 
rates. 


(b) 


Population density (N) > 





Time (t) > 


Logistic growth curve 
In nature, a given habitat has resources to support 
a certain number of individuals of a population, 
beyond which no further growth is possible. This 
limit is called nature’s carrying capacity (K) for 
that species in that habitat. 


92. (a) The given equation is used to calculate 

population density at time “t + 1”. 

N.41 =N, + ((B +1) - (D +E) 

where, N, is population density at time t. 
Population size is determined by birth rate, death 
rate, immigration and emigration. Population 
density increases ifnumber of births plus number 
of immigrants is more than number of deaths 
plus number of emigrants. 
(b) Refer to answer 90 (b). 
93. (i) (a) =Amensalism 

(b) = Parasitism 

(c) = Competition 

(d) = Mutualism 

(e) = Commensalism 


lL N 
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(ii) (a) Amensalism is an association between 
organisms of different species that is detrimental 
to one of the species but has no effect on the other. 
A common example of amensalism is the release 
of chemical toxins by plants that can inhibit the 
growth of the other plant species (allelopathy). 
(b) Parasitism is an association between 
organisms of different species in which one 
organism (the parasite) lives on or in the body of 
another organism (host), from which it obtains 
its nutrients. It is one sided relationship in which 
parasite is benefitted and host is harmed. 

(c) Competition is a rivalry between two 
or more organisms for obtaining the same 
resources. It may be between individuals of same 
species (intraspecific) or of different species 
(interspecific). 

(d) Mutualism is an interaction between two 
organisms of different species where both the 
partners are benefitted and the association is 
obligatory to both e.g., lichen, mycorrhiza ete. 

(e) Commensalism is the interaction between 
two individuals of different species in which one 
is benefitted while the other remains unaffected, 
e.g., association between shark and sucker fish. 
94. (a) Refer to answer 83. 

(b) Inthe given equation, 
N,,,=N,+[(B+1)-(D+E)| 

(i) Nọ refers to population density at time t + 1 
(ii) B represents natality or number of births 
(iii) E represents number of emigrants. 

From the above equation it is clear that population 
density increases if the number of births plus the 
number of immigrants (B + I) is more than the 
number of deaths plus the number of emigrants 
(D + E). Otherwise it will decrease. 


95. Living organisms cope with 
conditions by various methods : 


stressful 


(i) Hibernation and Besttyefion : Hiberna, 
is winter sleep in which animal passes the Winta 
period in dormant condition in a warm Place 
Polar bears hibernate during vener S. Aestivatig 
is summer Sleep in which animal rests in a cog, 
shady and moist place during extreme hey 
period. Ground squirrels of South-western desen, 
undergo aestivation and lie in torpid state inside 
burrows during hot dry periods. 

(ii) Camouflage : It is the ability to blend With 
the surroundings or background. It is Protectiy. 
to animals which are preyed upon by others an 
++ ig-also advantageous to predators as it ease 
predation, e.g., it is difficult to distinguish leaflik 
grasshopper from the surrounding foliage, 

(iii) Mimicry : It is resemblance of one specie 
with another in order to obtain advantag 
specially against predation. The species which is | 
imitated is called model while the species whic, 
imitates is known as mimic. E.g., Viceroy butterfly 
mimics unpalatable, toxic Monarch butterfly. 
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(iv) Migration : The organisms can migrate | 
temporarily from the unfavourable habitattomor | 
favourable area and return when unfavourable | 
period is over. Many animals, particularly birds, 
during winter undergo long-distance migrations 
to more favourable areas. 





(v) Perennating structures : Various kinds of 
thick walled spores are formed in bacteria, fung 
and lower plants which help them survive unde! 
unfavourable conditions. These germinate 0 | 
return of suitable conditions. | 
(vi) Diapause : Under unfavourable condition | 
many zooplanktons in lakes and ponds at 
known to enter diapause i.e., a stage of suspended | 
development. 


| 
| 
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14.1 14.2 
» Maximum weightage is of Nutrient Cycling. -pp Maximum SA II type questions | were asked 
from Ecological Succ 
> Maximum VSA type questions were asked from J gug: 
p» Maximum LA type questions were asked from 


Productivity. 
Nutrient Cycling. 


» Maximum SA I type questions were asked from 
Ecological Pyramids and Nutrient Cycling. 


QUICK RECAP 


y Ecosystem is a self regulatory and self physical environment, both interacting and 


sustaining structural and functional 
unit of landscape (biosphere) consisting 
of community of living beings and the 


exchanging materials between them. A.G 


Tansley (1935) coined the term ecosystem. 


Be P 
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o _made ecosystem is the one yw. _ 

© Ecosystems are divisible into two Man me d and maintained by i 
categories, terrestrial or land ecosystems IS Ct ‘carl gard Umay | 
(e.g., forests, grasslands, d d beings, e.g- agriculture, garden, aquari, | 

a Anass Cesena, gardens spacecraft. Agriculture or agroecg, Ster 


and aquatic or wa 
: q ter ecosystems (eZ is the largest man-made ecosystem, 
ponds, lakes, streams, estuaries, sea). 















Earth-Giant 
Ecosystem 







A 
Toanen K 
Man 


Forest Grassland Desert engineered Nutrient pool Freshwater Marine 
Aquatic 


Terrestrial ec 
osyatems ecosystems 
Decomposers Consumers 
















——> Materials 
“w Energy 


Fig.: Diagrammatic representation of the basic types of ecosystems, all of which together constitute the giant 
ecosystem - the biosphere. In the centre;a generalised scheme of the structure and function of any unit ecosystem 
of the biosphere is depicted. | 


COMPONENTS OF ECOSYSTEM 


- Components of Ecosystem 
Abiotic components : 


Abioticcomponents include inorganic nutrients or minerals, organic remains and different climatic 
conditions like temperature, pH, light, etc. 










Biotic components 










- Producers 


Producers are autotrophic, 
generally chlorophyll- 
bearing organisms, 

which produce their 

own food by fixing light 
energy in the presence of 
simple inorganic abiotic 
substances, e.g. green 
plants, yellow-green algae, 
brown algae, algal protists, 


etc. 


~. Decomposers 


Decomposers or 
saprotrophs are othe! 
heterotrophic organis™ 
consisting mostly of | 
bacteria and fungi wht 
live on dead organic 
matter or detritus. The} 
decompose the organ 
remains by secreting 
extracellular digesti? 
enzymes. 










Consumers are heterotrophic organisms, 
which generally ingest their food. Primary 
consumers are herbivores that directly 

feed on producers i.e., green plants or 

their products, e.g., rabbit, deer, sheep, etc 
Secondary consumers or primary GdrnivGres 
are the carnivorous animals that feed on the 
herbivores, e.g., fox, snake, owl, Peacock. 
Tertiary consumers or secondary carnivores 
are the animals that feed on the secondary 
consumers, e.g., lion, tiger, etc. 
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„gpUCTURE OF ECOSYSTEM 


0 Interaction of biotic and abiotic components 
results in the physical structures that are 


characteristic for each type of ecosystem. 

These are : 

(i) Species composition : Identification 
and enumeration of plant and animal 
species of an ecosystem gives its species 
composition. Maximum species 
composition occurs in tropical 
rainforest and coral reefs. 

(ii) Stratification : It is formation of 
vertical layers where vegetation is 
dense, e.g., 5 - 7 strata in tropical rain 
forests. Stratification is absent or rare 
in deserts. 

(iii) Trophic structure : Trophic structure 
of an ecosystem is a type of producer - 
consumer arrangement, in which each 
food level is called trophic level. Each 
ecosystem has specific food chains and 
food webs, e.g., grazing food chain in 
grassland. 

(iv) Standing crop : It is the amount of 
living biomass present in a unit.area of 
an ecosystem. 

(v) Standing state : It is the amount of 
inorganic nutrients present any time 
in the soil/water of ecosystem. It tends 
to vary from season to season and 
ecosystem to ecosystem, 


FUNCTIONS OF ECOSYSTEM 


© Four important functional aspects of the 

ecosystem are productivity, decomposition, 

energy flow and nutrient cycling. 

(i) Productivity : It refers to the rate 
of biomass production by any 
trophic level per unit area in unit 
time. It is measured as weight (e.g. 
g/m?/yr) or energy (€.8.5 kcal/m?/yr). It 
is of following types: 

Primary productivity: It is the amount of 

biomass or organic matter produced per 

unit area over a time period by plants during 
photosynthesis. It 1s further divided into 
gross primary productivity and net primary 


Productivity. 


VV 
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The rate of production of total organic matter 

by green plants by photosynthesis pet unit 

area per unit time is known as gross primary 
productivity (GPP). A considerable amount 

of GPP is utilised by plants in respiration (R). 

The energy left after respiration and stored as 

organic matter in the producers per unit time 

and area is called net primary productivity 

(NPP). 

NPP = GPP - R 

Secondary productivity refers to the rate 

of assimilation of the organic matter at the 

level of consumers. It is the amount of energy 
available at the consumer level for transfer to 
the next trophic level. 

(ii) Decomposition : It is physical and 
chemical breakdown of complex 
organicremains (detritus) with the help 
of organisms called decomposers. The 
processes involved are fragmentation, 
catabolism and leaching. 

Detrivores (e.g., termites, earthworms) feed 
on large pieces, and smaller fragments are 
left. Pulverisation occur in the digestive 
tract of animals as a part of it comes 
out undigested. The process is called 
fragmentation. ‘The decomposers (e.g. 
bacteria, fungi) excrete digestive enzymes 
over the detritus. It changes insoluble 
complex organic substances into simple and 
soluble organic compounds and inorganic 
substances (catabolism). Soluble substances 
formed during decomposition are subjected 
to leaching or passage to deeper layers of 
soil/ground water by percolating water. 
Humification leads to formation of dark 
coloured amorphous substance called 
humus, rich in cellulose and lignin. It is 
highly resistant to microbial action and 
undergoes decomposition at an extremely 
slow rate. Humus is further degraded by some 
microbes and release of inorganic nutrients 
occurs by the process of mineralisation. 

Decomposition is dependent on oxygen 

availability. It also depends on the chemical 

composition of detritus and climatic 
conditions. Decomposition is faster when 
detritus is rich in nitrogen and sugars than 
when detritus is rich in lignin and chitin. 

Warm and moist environmeı't favours 

decomposition. 
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(iii) Energy flow : Sun is the ultimate source 
of energy in all ecosystems. 
Of the incident solar radiation, less than 
50 per cent of it is photosynthetically 
active radiation (PAR). Plants and 
photosynthetic and chemosynthetic 
bacteria (autotrophs), fix sun’s radiant 
energy to make food from simple 
inorganic materials. Plants capture only 
2-10 per cent of the PAR and this small 
amount of energy sustains the entire 
living world. 
Flow of energy takes place from 
producers to different consumers in an 
ecosystem which constitute different 
trophic levels. 


A food chain involves a nutritive interaction 
between the living organisms (biotic 
components) of an ecosystem. Here occurs 
repeated eating i.e., each group eats the 
other and is subsequently eaten by some 
other group of organisms. The number of 
steps in a food chain is limited to four or 
five and at each step a large portion of the 
energy is lost as heat. In a food chain, there 
is unidirectional flow of energy, There is 
transfer of 10% energy from one trophic level 
to another. This is called 10% law formulated 
by Lindemann in 1942. 


Food web is a network of food chains which 
become interconnected at various trophic 
levels so as.to form a number of feeding 
connections amongst the different organisms 
of a biotic community. 


An ecological pyramid is a graphical 
representation of ecological parameters like 
biomass, energy and number of individuals 
present in the various trophic levels of a food 
chain with producers forming the base and 
top carnivores the tip. Ecological pyramids 
were developed by Charles Elton (1927) 
and are therefore also known as Eltonian 
pyramids. 


Calculations of energy content, biomass, 
or numbers has to include all organisms at 
that trophic level. No generalisations will be 
true if few individuals are considered at any 
trophic level into account. 


A given species may occupy more than one 
trophic level in the same ecosystem at the 


same ti : 
consumer when it ea 


a secondary 
and worms. 


Detritus food chain (DFC) 
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me; for example, sparrow is a Prim 


ts seeds, fruits Peas 
consumer when it eats insecy 


Types of food chain 





It begins with detritus or dead organic 
matter. Detrivores and decompose, 
feed over it. Therefore, food energy 
presentin detritus passes into them, 

Detrivores and decomposers are 
consumed by smaller carnivores 
which in turn become food for larger 










carnivores and soon. 
Detritus 







Earthworm 





Sparrow Frog 










Falcon Snake 





Peacock 


Grazing food chain 






It is the most common food chain. It 
is also called predator food chain as 
Predation occurs at every step. This 
food chain consists of producers 
consumers and decomposers. 








Producers 
(Autotrophs) 







Primary consumers 
(Herbivores) 






Secondary consumers 
(Primary ra 






Tertiary consumers 
(Secondary carnivores) 







Top carnivores 





Parasitic food chain 


Also called auxillary food chain. 


Begins with host and usually ends in 
Parasite. 
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44.1 Ecosystem-Structure and 
Function 


(1 mark) 








1, How is ‘stratification’ represented in a forest 
ecosystem? (Delhi 2014) 

(5 marks) 
} (a) Taking an example of a small pond, 


explain how the four components of an 
ecosystem function as a unit. 


(b) Name the type of food chain that exists 
in a pond. (AI 2016) 


14.2 Productivity 


3, What does ‘R represent in the given equation 
for productivity in an ecosystem? 
GPP - R= NPP. (Delhi 2014 C) 


4, Write the equation that helps in deriving the 
net primary productivity of an ecosystem. 





(Delhi 2013) 
5. How is the net primary productivity of an 
ecosystem derived? (AI 2012C) 


6. How is net primary productivity different 
from gross primary productivity? (AI 2012C) 


7, Write a difference between net primary 
productivity and gross productivity. 
(AI 2011) 


What is secondary productivity? 
(Delhi 2009C) 


All the primary productivity is not available 
to a herbivore. Give one reason. 


(Delhi 2009C) 
ESN (2 marks) 


0. How are productivity, gross productivity, 
net primary productivity and secondary 
Productivity interrelated? (Delhi 2015 ) 





(3marks) SS 
l. Describe the inter-relationship betiysen 


Productivity, gross primary productivity and 
net productivity. (AI 2017) 


12. 


L3. 


(a) What is primary productivity? Why 
does it vary in different types of ecosystems? 
(b) State the relation between gross and net 


primary productiviy. (Delhi 2014) 
Explain primary productivity and the factors 
that influence it. (3/5, Delhi 2011) 


14.3 Decomposition 





14. 


15. 


| (2 marks) 


How does the dead organic matter get 
decomposed in nature? Explain. 


(2/5, AI 2012C) 
Describe how do oxygen and chemical 
composition of detritus control 
decomposition. (2/5, Delhi 2011) 





SYNE] (3 marks) 


16. 


17. 


Why is earthworm considered a farmer's 
friend? Explain humification and 
mineralisation occurring in a decomposition 
cycle. (Foreign 2015) 
How does a detritivore differ from a 


decomposer? Explain with an example each. 
(Delhi 2015C) 





aria Ge ge RGR 
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19. 


20. 


21. 





. How is detritus decomposed - step-by-step 


by different agents and made available as 
nutrients to pie plants? Explain. 
(Delhi 2013C) 
Explain the different steps involved in the 
process of ebcomipesinon of detritus. 
(Delhi 2011C) 
Describe the process of decomposition of 
detritus under the following heads: 
Fragmentation, leaching; catabolism: 
humification and mineralisation. 
(Delhi 2010) 
(a) ` Describe the events during humification 
and mineralisation during decomposition i in 
the soil. 
3 cee rie conditions affecting the rate 
P (AI 2009C) 


Se — 
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14.4 Energy Flow 
(1 mark) 





22. 


“Man can be a primary as well as a secondary 
consumer.’ Justify this statement. 

(Foreign 2015) 
What is a detritus food chain made up 
of? How do they meet their energy and 
nutritional requirements? (AI 2013) 
State what does standing crop of a trophic 
level represent. (AI 2013) 


Ve (2marks) | 


25. Name the type of food chains responsible 
for the flow of larger fraction of energy 
in an aquatic and a terrestial ecosystem 
respectively. Mention one difference between 
the two food chains. (Delhi 2010) 

26. Why are herbivores considered similar to 
predators in the ecological context? Explain. 

(2/5, AI 2010) 


PEA 


24. 








EE (3 marks) 








27. Justify the importance of decomposers in an 

ecosystem. (Foreign 2015) 

28. “Itis possible that a species may occupy more 

than one trophic level in an ecosystem at the 

same time’. Explain with the help of one 

example. (AI 2013) 

29. Construct labelled grazing and detritus food 
chain with minimum 3 trophic levels each. 

(3/5, AI 2013 C) 

30. Discuss the relationship between detritus 

food chain and grazing food chain in a 

terrestrial ecosystem. (3/5, AI 2012C) 


14.5 Ecological Pyramids 
EEN (2 marks) 


31. Why the pyramid of energy is always upright? 

Explain. (Delhi 2013) 

32. Construct a pyramid of numbers considering 

a big banyan tree supporting a population of 
insects, small birds and their predators. 

(2/5, AI 2013G) 

33. Explain with the help of two examples, how 

the pyramid of number and the pyramid of 

biomass can look inverted. (Foreign 2011) 


34. 


N 
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lain ‘standing crop in an ecosys 
DN a pyramid of biomass when a iy 
standing crop of phytoplanktons SUpport 
and large standing crop of zooplanktons ; 


j N 
the sea. (Delhi 2010¢) 


EJAN (3 marks 


35. 


36. 


37. 


38. 


39. 


40. 


4l. 


42. 


43. 





“In a food chain, a trophic level represe 
functional level, not a species”. Explain, 
Differentiate between two different types of 
pyramids of biomass with the help of dhe 
example of each. (AI 2013 


Construct an ideal pyramid of energy whe, 
1,000,000 joules of sunlight is available. Label 
all its trophic levels. (Delhi 2009 
Constructa pyramid of biomass startin 
with phytoplanktons. Label 3 trophic levels 
Is the pyramid upright or inverted. Why? 
(AI 2009) 


Nts q 


a (Smarks) 





(a) What is a trophic level in an ecosystem? 
What is ‘standing crop’ with reference to it 
(b) Explain the role of the ‘first trophic 

level’ in an ecosystem. 
(c) How is the detritus food chan 


connected with the grazing food chain | 
(2018) 
ecological pyramid? 

Compare the pyramids of energy, biomas 


in a natural ecosystem? 
(a) What is an 


and numbers. 


(b) Write any two limitations of ecological 
pyramids. 


“It is often said that the pyramid of energ) 
is always upright. On the other hand, th 





(AI 2017) | 


Pyramid of biomass can be both upright and 


inverted” Explain with the help of example 
and sketches. (AI 2015 


(a) With Suitable examples, explain 


energ 
levels 
represent? 


y flow through different troph 


(b) Write any two limitations of ecologi” | 


pyramids. (AT 2014 


c i ' 
(a) Draw a Pyramid of numbers n 
Situation where a large population ofin 
feed upon a very big tree. The insects İn yf 


are eaten by small birds which in turn arè 
upon by big birds. 


- What does each bar in this pyt” aa 











eB 


pifferentiate giving reason, be 
maid of biomass of the ‘hein aaa 
Fd the pyramid of numbers that you have 
drawn. lain the signific a 
ance i 
j. : od with the help of an —" 
p) Why are the pyramids referred ‘to as 
upright or ‘inverted’? Explain. (AI 2012) 
Draw an ideal pyramid of energy 
„pto four trophic levels where 10,00,000 J 
fe available from sunlight to the primary 
roducer. Indicate the amount of energy 
„vailable at each trophic level. 
b) Why is pyramid of energy always 
upright? Explain. 
(c) Mention the limitations of an ecological 
Si id (AI 2011C) 


vi 
yi 


14.0 Ecological Succession 


E (2 marks) 


46. Explain the response of all communities of 


environment over time. (AI 2011) 
47, List the features that make a stable biological 
community. (AI 2010) 


48. Name the pioneer and the climax species in 
a water body. Mention the changes observed 
in the biomass and the, biodiversity of the 
successive seral communities developing in 
the water body. (AI 2009) 


ESV (3 marks) © 7 


19, Differentiate between primary and secondary 


succession. Provide one example of each. 
(AI 2016) 


0. Explain succession of plants in xerophytic 


habitat until it reaches climax community. 
(Delhi 2015C) 


What is ecological succession! Where and 
why would the rate of succession be faster, 1n 


newly created pond or a forest destroyed by a 
forest fire? (AI 2015C) 


52, Explain how does a primary succes 
start on a bare rock and reach a climax 
community? (3/5, Delhi 2012) 


Explain the differences and the similarities 


between hydrach and xerach successsion of 
plants. , (3/5, Delhi 2011) 


51, 


sion 


53, 
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54. Trace the succession of plants on @ dry bare 
rock. (3/5, Al 2010) 
55. Name the pioneer species on à bare rock. 
How do they help in establishing the next 
type of vegetation? Mention the type of 
climax community that will ultimately get 
established. (Delhi 2009) 


(Smarks) 


56. (a) Differentiate between primary and 
secondary ecological successions. 
(b) Explain different) steps of 
succession occuring in nature. 

(Foreign 2014) 

57. (a) Explain how a hydrarch succession 
progresses from hydric to mesic condition 
and forms a stable climax community. 
(b) Why is the rate of secondary succession 


faster than that of primary succession? 
(Delhi 2010C) 


58. Explain how xerarch succession progresses 
from xeric to mesic condition and forms 
stable climax community. You may use a flow 

(AI 2010C) 


xerach 


chart. 


14.7 Nutrient Cycling 
Pip (2 marks) — — 





59. Explain the function of ‘reservoir in a 
nutrient cycle. List the two types of nutrient 
(Foreign 2011) 


60. How does phosphorus cycle differ from 
carbon cycle? (2/5, AI 2010) 


61. Name the two types of nutrient cycle existing 
in nature. Where are their reservoirs present? 
State the functions of reservoirs. (AI 2010C) 


62. Global carbon is fixed in the biosphere 
through photosynthesis. Explain any two 
ways by which carbon is returned to the 


cycles in nature. 


atmosphere. (AI 2010C) 
EJA (3 marks) 
63. (a) State any two differences between 


phosphorus and carbon cycles in nature 
(b) Write the importance of phosphorus in 
living organisms. (Foreign 2015) 
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HEN (5 marks) 


64. (a) | Draw a simplified model of phosphorus 
cycling in terrestrial ecosystems. 
(b) Write importance of such cycles in 





ecosystems, (Delhi 2014C) 
65. Explain the carbon cycle with the help of a 
simplified model. (Delhi 2012) 


66. (a) Draw a simplified model of a 
phosphorus cycle in terrestrial ecosystem. 
(b) Describe the role of living organism in 
cycle. (Delhi 2012 C) 


67. 


Forest 


Plants Fire 


Respiration 
Burning 
Fossil 
Wood 
(a) (i) Name the biogeochemical 
(nutrient)cycle shown above. 

(ii) Name an activity of the living 
organisms not depicted in the 
cycle by which this nutrient is 
returned to the atmosphere. 

(b) How would the flow of the nutrient 
in the cycle be affected due to large scale 
deforestation? Explain giving reasons. 
(c) Describe the effect of an increased level 
of this nutrient in the atmosphere on our 
environment. (Delhi 2011) 
68. Explain with the help ofa flow chart recycling 
of phosphorus in nature. How is phosphorus 


1. Vertical distribution of different species 
occupying different levels is called stratification. In 
a forest ecosystem, trees occupy top vertical strata 
or layer of a forest, shrubs occupy the second level 
and herbs and grasses occupy the bottom layers. 


2. (a) The four components of a pond 
ecosystem which function as a unit are : 

(i) Abiotic 

(ii) Autotrophs 

(iii) Heterotrophs 

(iv) Decomposers 


CEIA CBSE Champion Biology Clasy r 


ifferent from carbon cycle in natures 
(Delhi 20) | o 
69. Carbon cycle in nature is a biogeochemicy 
cycle Explain how is it different i 
phosphorus cycle. (Delhi 20 Lic 
Carbon cycle in nature is a biogeochemi 1 


event. Explain. 

Outline salient features of carbon cycling jn 

an ecosystem. (Delhi 2009) 
71. What does the term ‘standing state of soj 

signify? How are the nutrients recycled in the 

ecosystem? Write a cyclic account of carbon 

movement in nature. (AI 2009 


cycle d 


70. 


14.8 Ecosystem Services 


ESM (2 marks) _ 


72. Healthy ecosystems are the base of wide range 


of (ecosystem) services. Justify. 
(2/5, Delhi 2011) 


73. Biodiversity must be conserved as it plays an 
important role in many ecosystem services 
that nature provides. Explain any two 
services of the ecosystem. (Delhi 2010) 











| (5 marks) 


74. Discuss the role of healthy ecosystem 
services as a pre-requisite for a wide range 
of economic, environmental and aesthetic 
goods and services. (Delhi 2017) 


75. Describe the advantages for keeping the 
ecosystems healthy. (Delhi 2015) 





A small pond is a simple and fairly self-sustainable 
unit. Abiotic components include water, dissolve 
inorganic and organic substances and soil deposits 
at the bottom. Biotic components are produce 
consumers and decomposers. Producers 3" 
autotrophs which include phytoplanktons, algae 
submerged and floating plants. Consumers ah 
differentiated into herbivores (zooplankto™ 
larvae, tadpole and some fish), primary carnivor 
(water scorpions, water beetle, dragon fly larv’? 
Hydra and some fish), secondary carnivor’ 


A 


Ecosys tem 


(large fish, water birds, etc.), Decomposers include 


fungi, bacteria and flagellates. 

with the help of radiant energy of the sun 

,utotrophs convert the inorganic materials into 
organic matter. Autotrophs are consumed b 

neterotrophs which build up their own eae 
matter. Organic wastes and dead organisms 
are acted upon by decomposers. Minerals are 
released in this process. The minerals become 
available to autotrophs for reuse. There is cyclin 

and recycling of matter. However, energy flow is 
unidirectional i.e., from autotrophs towards the 
higher trophic levels and there is dissipation of 
energy at each trophic level which is lost as heat 
to the environment. 

(b) Grazing type of food chain exists in a pond. 


3, In the given equation, NPP = GPP -R,R 
represents respiratory losses. 


4, Net primary productivity is the weight of 
the organic matter stored by the producers which 
işs available to heterotrophs for consumption. It 
is equal to the rate of organic matter produced 
during photosynthesis (GPP) minus respiratory 
losses (R). NPP = GPP - R. 


5. Refer to answer 4. 


6. Differences between net primary productivity 
and gross primary productivity are as follows : 


(i) 
























Gross primary 
productivity 


It is the amount 
of organic matter 
synthesised by 
producers per unit 
time per unit area. 


Gross primary 
productivity 1s equal 
to rate of increase 

in body weight of 
producers plus loss 
suffered through 
respiration and 
damages. 


It depends upon 
photosynthetic 
efficiency of 
producers, 
availability of solar 
energy as well as 
anic nutrients. 


Net primary 
productivity 

















It is the amount 
of organic 
matter stored by 
producers per unit 
time per unit area. 

































Net primary 
productivity is 
equal to organic 
matter synthesised 
by photosynthesis 
minus utilisation 
in respiration and 
other losses. 














It depends upon 
gross primary 
productivity as 
well as amount O 
consumption O 
photosynthates. 
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7. Refer to answer 6. 


8. Secondary productivity refers to the rate 
of formation of new organic matter by the 
consumers. 


9. All the primary productivity is not available 
to a herbivore because a considerable amount of 
gross primary productivity is used by plants in 
respiration. 


10. Productivity is the rate of biomass production 
per unit area in unit time at any trophic level. 
Gross productivity is the total organic matter 
synthesised by producers, in the process of 
photosynthesis per unit time and area. It is also 
called gross primary productivity (GPP). 

Net primary productivity is the weight of the 
organic matter stored by the producers in a unit 
area/volume per unit time. It is equal to the rate of 
organic matter synthesised during photosynthesis, 
i.e., gross primary productivity minus the rate of 
respiration and other losses, i.e., NPP = GPP - R 
Secondary productivity is the rate of formation of 
new organic matter by consumers. 

11. Refer to answer 10. 

12. (a) Primary productivity is the amount of 
biomass or organic matter produced per unit area 
over atime period by plants during photosynthesis. 
It is expressed in terms of gm™ yr! or (kcal m° ) 
yr. It varies in different types of ecosystems, 
because it depends upon plant species of the 
area, their photosynthetic capacity, availability of 
nutrients, solar radiations, precipitation, soil type 
and a number of other environmental factors. 

(b) Refer to answer 10. 

13. Refer to answer 12 (a). 

14. In nature, dead organic matter gets 
decomposed by decomposer microorganisms 
like bacteria, fungi through the process of 
decomposition. Decomposition is the process of 
breaking down of complex organic matter into 
inorganic substances like carbon dioxide, water 
and nutrients. 

15. Decomposition of detritus is an oxygen 
requiring process, i.e., aerobic conditions are 
essential for the activity of decomposer organisms. 
Chemical composition of detritus effects its 
decomposition. Chitin and lignin decompose at a 
very slow rate. Cellulose decomposition also takes 
time whereas, detritus which is rich in nitrogen 
and water soluble substances (like sugars) 
decomposes rapidly. 
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16. Earthworms are called farmers friend 
because they help in fragmentation of detritus, 
l.e. breakdown of complex organic matter 
and loosening of the soil. Humification and 
mineralisation occur during decomposition in 
the soil. Humification is the process of formation 
of highly resistant, dark coloured amorphous 
substance called humus from detritus or organic 
remains. Mineralisation is the release of inorganic 
substances, both non-mineral and minerals from 
organic matter. 


17. Differences between 
decomposers are as follows : 


Detritivores Decomposers 


They are animals | They are micro- 


detritivores and 
















which feed on | organisms which 
detritus. obtain nourishment 
from organic 






remains. 











Detritivores ingest 
the organic matter. 


They decompose the 
organic matter »by 
secreting digestive 
enzymes over it. 


























Ecologically they 
cause pulverisation 
or fragmentation 
of detritus. 

E.g., Earthworm. 


Ecologically they 
cause humification 
and mineralisation 
of organic matter. 
E.g., Pseudomonas. 










18. Detritus (dead remains of plants and 
animals) .gets decomposed and is made 
available as nutrients to plants by the process 
of decomposition. The steps in the process of 
decomposition are fragmentation, leaching, 
cataboslim, humification and mineralisation. 

(i) Fragmentation of detritus : Detritivores 
(e.g., earthworm) breakdown detritus into small 
particles. 

(ii) Catabolism : Bacterial and fungal enzymes 
degrade detritus into simpler inorganic 
substances. 

(iii) Leaching : Water soluble inorganic nutrients 
go down into the deeper layers of soil and get 
precipitated as unavailable salts. 

(iv) Humification : It is the formation of humus 
from detritus or organic remains. Humus is dark 
coloured amorphous substance rich in lignin and 
cellulose. It is highly resistant to microbial action 
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and undergoes decomposition at an extremely sloy 
rate. It is colloidal in nature, a reservoir of nutrie, 
wey ful in maintenance of soil moisture aS wel 


as aeration. . | 
(v) Mineralisation : It 1s the release of iNorgan; 
substances by the degradation of humus with the 


help of microbes. 

19. Refer to answer 18. 

20. Refer to answer 18. 

21. (a) Refer to answer18. 

(b) Factors affecting decomposition rate are n 
follows : 

(i) Temperature: A soil temperature of 25°C an 
more hastens decomposition. A low temperatur 
of less than 10°C reduces rate of decomposition, 
(ii) Moisture Moist environment favour 
decom-position. 

(iii) pH : Neutral and slightly alkaline soil 
are rich in detritivores, like earthworms and 
decomposer microbes. Acidity decreases the 
number of detritivores and decomposers. 

(iv) Chemical composition of detritus : In a 
particular climatic condition, decomposition rate 
is slower if detritus is rich in lignin and chitin, and 
quicker, if detritus is rich in nitrogen and water- 
soluble substances like sugars. 

(v) Aerobiosis : Aerobic conditions are essential 
for activity of decomposer organisms because 
decomposition is oxygen requiring process. 
Anaerobiosis reduces decomposition and causes 
piling up of detritus. 

22. Man is an omnivore i.e., he eats both plants 
and their products and animals. So, when he eals 
plants he is primary consumer and when he eats 
animals he is secondary consumer. 


23. Detritus food chain is made up af 
decomposers which are heterotrophic organisms 
(mainly fungi and bacteria). They meet ther 
energy and nutrient requirements by degrading 
dead organic matter or detritus. 


24. Standing crop of a trophic level refers © 
mass of living material at a particular trophic lev 


at a particular time, It is measured as biomass “ 
the number in a unit area. | 


25. Grazing food chain and detritus food cha!" 
are the major conduits for flow of energy n 
aquatic and terrestrial ecosystems, respectively: 
Differences between grazing food chain 
detritus food chain are as follows: 





Grazing food chain 










Detritus food 
chain 
chain| The food chain begins 
begins with|with detritivores and 
roducers as the|decomposers as their 

Arst trophic level. |first trophic level. 
Energy for the food|Energy for the food 
chain comes from|chain comes 


organic remains or 
detritus. 










The food 


















sun. 










6. In ecological context, herbivores are 
-onsidered similar to predators because they 
feed on plants and their products for their food 
requirements just like predators feed on prey for 
heir food needs. | | 


7, Decomposers are microorganisms that 
obtain nourishment from organic remains by 
ecreting digestive enzymes over it. They help 
in converting complex organic substances into 
inorganic substances like carbon dioxide, water 
and nutrient. 

Sun is an endless source of energy, but the 
chemical materials of the environment are not 
inexhaustible. The producers utilise inorganic 
substances (carbon dioxide, water etc.) and fix 
solar energy into the chemical energy of organic 
compounds. This stored energy is then passed 
to consumers by repeated eating and being 
eaten. Decomposers act on dead animals and 
plants (organic matter) and return the chemical 
nutrients to. the environment. They also make 
space available for new producers. Without this, 
all life will ultimately cease to exist. Thus, the 
decomposers have a crucial role in the ecosystem. 
The decomposers are found in the soil and at the 
bottom of ponds, lakes and oceans. 


8. In an ecosystem, a species may occupy more 
than one trophic level simultaneously. As the 


ltophic level represents a functional level, not a 


species as such. A species may occupy more than 
‘ne trophic level in the same ecosystem at the 
‘ame time, for example, a sparrow is a primary 
‘Onsumer when it eats seeds, fruits, peas etc. and 
* secondary consumer when it eats insects and 
Worms, | 


} , 

9, Grazing food chain 

teen plants — Rabbit —> Fox > Tiger 

Producer) (Herbivore) (Primary (Secondary 
carnivore) carnivore) 


from|. 
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Detritus food chain 
Detritus — Earthworm — Sparrow ~~ Falcon 


= (Dead organic + (Decomposer) (Primary (Secondary 
matter) - carnivore) carnivore) 
30. In a terrestrial ecosystem, producers 


constitute the first trophic level or base of a food 
chain. Producers are autotrophic organisms 
which are able to manufacture organic food 
from inorganic raw materials in the process of 
photosynthesis. Part or whole of the plants enters 
the food chain as food for consumers. Herbivores, 
the primary consumers feed.on plants or plant 
products. 

Primary carnivores prey upon herbivorous 
animals and are eaten up by secondary carnivores. 
The top carnivores are the last order consumers 
or carnivores which are not preyed upon by other 


animals because of their size and ferociousness. 


Decomposers may act on any trophic level. They 
feed on dead organic remains of plants and animal 
and return the biological nutrients stored in them 
to the soil for reuse by autotrophs i.e., they again 
enter the food chain. Hence, both detritus and 
grazing food chain are interrelated. 


31. The pyramid of energy is always upright in 


“shape as there is always a gradual decrease in the - 


energy content at successive trophic levels from 
producers to various consumers. This is because 
some energy is used at each trophic level for 
various metabolic activities and some energy is 
lost as heat, so only 10% of the energy is available 
to the next trophic level (Lindeman’s 10% law). 


32. In the given case, pyramid of 
numbers will be spindle shaped as shown 
here. 
Hawk 
Birds 
Insects 
| Tree 


33. Pyramid of number is inverted in parasitic 
food chain. Here, a single large sized producer like 
tree provides nourishment to several herbivores 
(e.g., fruit-eating birds) and each herbivore in turn 
may support a still larger population of parasities. 
Thus, from the producer towards consumers, the 
number of organisms gradually shows an increase, 
making the pyramid inverted in shape. 


Parasites 
Herbivorous birds 
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Pyramid of bioma 
habitats where t 
depends upon re 
of its members. 


ss is inverted in shape in aquatic 
he biomass of a trophic level 
productive potential and longevity 


In a pond, the producers are small 
Organisms, so their biomass is least and this value 


gradually shows an increase towards the apex of 
the pyramid, thus making the pyramid inverted in 


shape. 
Carnivores 
12 g/m? 
Herbivores 
8 g/m? 


Producers 
4 g/m? 





34. Standing crop refers to mass of living material 
at a particular trophic level at a particular time. It is 
measured as biomass or the number in a unit area. 


Pyramid of biomass in sea is inverted as shown 
below: 










Carnivores 
3 
12 g/m 


Zooplanktons 
8 g/m? 
Phytoplanktons 
4 g/m? 


35. Ina food chain, each trophic level represents 
a functional level not a Species because: 

(i) Ata particular time, a trophic level is never 
occupied by a single species. 

(ii) Ataparticular time, all organisms ofa trophic 
level are Considered together for calculating 
biomass, number and energy not a single species, 
(iii) A particular species May Occupy more than 
one trophic level, e.g., omnivorous s 
Occupy more than one trophic level j 
ecosystem at the same time. 

(iv) If we consider few species 
generalisation 
ecosystem. 


pecies may 
n the same 


then no 
can be made for studying 


36. Pyramid of biomass is a graphic 
representation of biomass present sequence- 
wise per unit area of different trophic levels with 
producers at the base and top carnivores at the tip. 
Pyramid of biomass may be upright or inverted. 


Upright pyramid of | Inverted PYtan 
B biomass of biomas, | 
G) |The biomass | The bio 
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:. Magy l 
of producer 


If 
less than that 
consumers. 


of producers is 
more than that of 
consumers. 









| 
Pyramid of biomass 
in grassland is always 


upright. 


Pyramid i 
biomass i i 
SSin aquati 
ecosystem 
always inverted 


(ii) 


PC 
PP 


TC 


Sg 
eC 
BP 


Fig : Inverted pyramid 
of biomass 





Fig : Upright pyramid 
of biomass 


37. An ideal pyramid of energy with primary 


producers storing only 1% of solar energy as NPP 
is shown below: 


(Tertiary consumer) 
9C 100) 
(Secondary consumer) 
PC 
(Primary consumer) 1000) 
PP 000) 
(Primary Producer) ji 


1,000,000 J of Sunlight 
38. Pyramid of biomas 
planktons will be for an a 
be drawn as follows: 


SS Fie 
LPG Zooplanktons 

PPT Phytoplanktons 

The pyramid of biomass in aquatic ecosystem” 

Y Inverted because the biomass of fis 


s starting with phyt 
quatic ecosystem. It ca! 





39. (a) Trophic level in an ecosystem is defn i 
aS a specific 


pees ; place for an organism in the int 

Oundings Orina community according © 
feeding relationship with other organisms. | ` 
ased on the Source of that organism's nutriti’ 


O " 
r food because Of which it occupies a pe 
Position in the food chain 





Ecosystem 


standing crop is the total mass of living material 
ata particular trophic level at a specific time. The 
standing crop is measured as the mass of living 
organisms OF biomass or the number in a unit 
area. The biomass of a species is expressed in 
terms of fresh or dry weight and the measurement 
of biomass in terms of dry weight is more accurate. 
(b) Trophic level of an organism depends 
upon the source of food and position in a food 
chain. The first trophic level is occupied by the 
producers which synthesise organic nutrients 
from inorganic raw materials with the help of 
solar radiations (photosynthesis) not only for 
themselves but also for heterotrophic organisms 
or consumers. They have this capacity due to the 
presence of chlorophyll which can convert solar 
energy into chemical energy, e.g., phytoplanktons, 
plants, trees, etc. 

(c) Detritus food chain is made up of 
decomposers which are heterotrophic organisms 
(mainly fungi and bacteria). They meet their 
energy and nutrient requirements by degrading 
dead organic matter or detritus. The organic 
matter travels through the different trophic levels 
and when the organisms at the highest trophic 
level die, dead organic matter enters the detritus 
food chain. They secrete digestive enzymes that 
break down the waste organic materials into 
simple inorganic materials which are released into 
the cycling pool. Grazing food grain (GFC) is the 


a 
0 








per unit time and area injarea O 







producers forming the base 
and top carnivores the tip. 


G) It is always upright. 



























amount of energy trapped|biomass presen 


It is inverted or upright. 


grassland and forest} E.g., grassland ecosystem. 


347 


major conduit for energy flow. But a much larger 
fraction of energy flows through the detritus food 
chain than through the GFC. Detritus food chain 
may be connected with the grazing food chain 
at some levels : such as some of the organisms of 
DFC are prey to the GFC animals, and ina natural 
ecosystem, some animals like cockroaches, crows, 
etc., are omnivores. 


Decomposers Primary 


consumers 


Producers 


Decomposers 


Secondary 
consumers 


These natural interconnection of food chains 
make it a food web. 


40. (a) An ecological pyramid is a graphic 
representation of an ecological parameter, like 
biomass, energy or number of individuals present 
in various trophic levels of a food chain with 
producers forming the base and top carnivores 
the tip. Each trophic level represents a functional 
level. Therefore, it includes all the members of all 
the species operating at that level. 

The comparison among the three pyramids of 
energy, biomass and number are given below: 


Pyramid of Energy Pyramid of Biomass Pyramid of Number 


Pyramid of energy is the Pyramid of biomass is the|Pyramid of numbers is a graphic 
graphic representation of] graphic representation _ of| representation of number of individual 
t in per unit|per unit area of different trophic 
f different trophic levels|levels with producers forming the 


different trophic levels with producers at the base and|base and top carnivores at the tip. 
of the food chain with|top carnivores at the tip. 





It is inverted or upright. 








(iii) | E ' 
) Eo pond ecosystem Trophic levels Number of 
Large — TC individuals 
fish ee lion 1 Kg) (Tertiary consumer) 3 
: SC 
Primary carnivore (Secondary consumer) | 
Me (eg. Foxes 10 Kp) AA 3,54,000 
KJ/m*/yt , Primary consumer (Primary consumer) 708,000 
Insect larvae Small fish (e.g., Rabbits 100 Kg) . PP 
840 KJ/m?/yr | 1260 KJ/m?/yr Prod (Primary producer) 5,842,000 










Zooplankton, worms 


7980 KJ/m?/yt 
Phytoplankton 
31080 KJ/m?/yr 





oducers 
(e.g., Grass plants 1000 kg) 














T 
| 
| 
| 
| 
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(b) The limitations of ecological pyramids are: - 
(i) Ecological pyramids assume that food chains 
are simple. Simple food chains do not occur in 
nature, instead, food webs are present. 

(ii) Ecological pyramids have no place for 
detrivores and decomposers though they play a 
vital role in ecosystem. 

(iii) A single species may operate at two or more 
trophic levels. Ecological pyramids have no 
method of accommodating such places. 


41. Refer to answer 40 (a). 


42. (a) Ecosystem requires a constant input 
of energy. Energy flow in the ecosystem is very 
important as it is the basis of life. Food provides 
both matter and energy. Flow of energy determines 
the diversity of organisms. It also determines 
the developmental and functional status of the 
ecosystem. Energy flow in an ecosystem is always 
unidirectional or one way, i.e., solar radiations —> 
producers — herbivores — carnivores. It cannot 
pass in the reverse direction as there is always 
decrease in the content and flow of energy with 
the rise in trophic level. A part of energy captured 
by producers (gross primary productivity) is used 
for maintenance (lost in respiration) and as food 
to herbivores. 

Only 10% of the gross productivity of producers is 
entrapped by herbivores for their body building. 
Herbivores are eaten by primary carnivores. 
Herbivores not preyed by carnivores die a 
natural death and energy trapped in their body 
is transferred to decomposers. Only 10% of the 
herbivores productivity is utilised for raising 
productivity of primary carnivores. ‘The rest is 
consumed in ingestion, respiration, maintenance 
of body heat and other activities. Higher 
carnivores similarly are able to retain only 10% of 
energy present in primary carnivores. 

Producer — Herbivore — Carnivore I — Carnivore II 
biomass biomass biomass biomass 
1000 K cal 100 K cal 10 K cal l Kcal 
Therefore, the pyramid of energy is always 
upright with base representing the producers and 
apex occupied by top carnivores. Each bar of the 
pyramid represents one trophic level. | 

(b) The limitations of ecological pyramids are : 
(i) Ecological pyramids assume that food chains 
are simple. Simple food chains do not occur in 


nature. Instead, food webs are present. 


(ii) A single sp 
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ecies may operate al two or More 
trophic levels. Ecological pyramids have is 
method of accomodating such cases. 

(iii) Ecological pyramids have no place A 
detrivores and decomposers though they play g 
vital role in ecosystem. 

43. (a) Refer to answer 32. 

(b) Pyramid of biomass in the above situation 
will be upright as tree has the maximum biomas 
which reduces with successive trophic level 
resulting in an upright pyramid whereas the 
pyramid of number in above case is spindle. 
shaped where producers which are mainly large 
sized trees are lesser in number and form the base 
of the pyramid. The insects are more in number 
than producers. Then there is gradual decrease in 
the number of successive carnivores, thus making 
the pyramid upright again. This results in spindle 
shaped pyramid as shown here: 


44. (a) An ecological pyramid is a graphic 
representation of an ecological parameter presen! 
in various trophic levels of a food chain with 
producers forming the base and top carnivores 
the tip. | 

It expresses the relationship between the organisms 
at different trophic levels with reference to their 
number, energy and biomass. For example 
pyramid of numbers is a graphic representation 0 
the number of individuals per unit area of variou 
trophic levels stepwise with producers at the bast 
and top carnivores at the tip. 

Pyramid of biomass shows the total amount of 
living matter (fresh weight or dry weight) preset! 
in each level and pyramid of energy is a gr4P 
representation of amount of energy trappe pe 
unit time and area in different trophic levels of? 
food chain with producers forming the base j 
top carnivores the tip. , 
(b) Usually producers exceed higher toph 
levels in biomass, number and energy. Hence * 
structure with broad base, gradually tapering pod} 
and narrow apex is obtained which resembles 
upright pyramid. 













ae 


ecosys tem 


jn some cases €.§-» for biomass in pond ecosystem 
fot number of individuals in a parasitic food 
chain the relationship changes. Here producers 
ow the least biomass or number and the top 
onsumers show the highest biomass or number 
sa result a structure resembling an tavertad’ 
amid is obtained. 
45. (a) Refer to answer 37. 
(b Refer to answer 31; 
(c) Refer to answer 42 (b). 
46. The composition and structure -of all 
communities in an environment change constantly 
in response tO the changing environmental 
conditions. This change is orderly and sequential, 
parallel with the changes in the physical 
environment. These changes lead finally to a 
community that is in near equilibrium with the 
environment and is called as climax community. 


47, The main features of stable biological 


community are : 
_ The community is in equilibrium with the 


environment. | 
_ The community consists of numerous large 


and small sized organisms. 
_ ‘The organisms of the stable community have 
long life span. 
48. In a hydrosere (succession in a water body) 
pioneer species include phytoplanktons and 
climax species include large trees. There is a 
gradual increase observed in the biomass and 


the level of biodiversity 1n the successive seral 
communities. Sequence of communities during 


hydrosere is shown below: 
Phytoplanktons (Pioneer species) 


Rooted submerged hydrophytes 


4 


Floating hydrophytes 


4 


Reed swamp stage 


4 


Sedges 


Seral communities 
Increase in biomass 


Woodland 


Trees (Climax species) 
y succession and 


49. Differences between primar 
secondary succession are as follows: 
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Secondary 
succession 
It occurs in an area 


which has been 
denuded recently. 


Primary 
succession 
It occurs in an 
area which has 
been bare from 
the beginning. 


(ii) [Soil is absent at the Soil is present in the 
time of beginning|area where secondary 
of 













































primary|succesion begins. 







succession. 





There is no 


(iv) |Reproductive 
structures of 
any previous 
community are 
absent. 


Pioneer 
community 
comes from 
outside. 


Humus is present 
from the very 
beginning. 
Reproductive 
structures of the 
previous occupants 
are present in the 
area. 

Pioneer community 
develops partly from 
previous occupants 
and partly from 
migrants. 

The environment is 
favourable from the 
beginning. 

Seral communities 
are a few. 












































In the beginning 
the environment 
is very hostile. 
Seral 
communities are 
many. 
Primary 
succession takes 
a long time for 
completion, 1000 
ears or more. 
Example : 


























Secondary succession 
takes lesser time for 
completion, 50-200 
years. 












Example : Succession 


(ix) 






Successionona jon an area destroyed 
newly exposed by flood. 
sea floor. 


50. Xerarch succession occurs on bare rocks. The 

habitat lacks soil, has intense light, fluctuations 

of temperatures and winds. The species that 

invade a bare area are called pioneer species. In 
primary succession on rocks lichens are usually 
the pioneer species which are able to secrete 
acids to dissolve rocks, helping in weathering 
and soil formation. These pave way for some 
small plants like bryophytes, which are able to 
take hold in the small amount of soil. They are, 
with time, succeeded by herbs stage, then shrub 
stage and then bigger plants, and ultimately a 
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stable climax community, i.e., forest is formed. 
The climax community remains stable as long 
as the environment remains unchanged. With 
time, the xerophytic habitat gets converted into a 
mesophytic one. 

Lichens (Pioneer community) 


Bryophytes 
Herbaceous plants 
Shrubs 
L 


Trees (Climax community) 

51. Ecololgical succession refers to natural 
development of series of biotic communities 
at the same site, one after the other till a climax 
community develops. Succession will be faster 
in a forest destroyed by fire because soil, organic 
matter and vegetative propagules will be present 
there. 


52. Refer to answer 50. 


53. Differences between hydrarch and xerarch 
succession are as follows : 


Xerarch succession Hydrarch 
succession 


(i) | It begins with It begins with 
lichens or blue green | phytoplankons. 


(ii) | Initial succession is a | Initial succession is 
slow process. quite fast. 


(iii) | Succession is seen all] Succession is 
over the area. observed in area 

| where water is not 
very deep. 













































The whole of the 
area is involved in 

formation of climax 
community. 


Climax community 
develops on the 
edge only. 







It converts aquatic 
environment into 
mesic environment. 


(v) | Succession converts 
xeric environment 
into mesic 
environment. 


(vi) | It reduces bare land | It fills up water body 
area and converts it|and changes it into 


into fertile forested | forested land. 





Similarities between hydrarch and xerarch 
succession are as follows: 


yp 
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Both start with pioneer communities ang 


E end in a climax one. | | 
(ii) Both end in a mesic environment, 

0) Both lead from low to high diy ersity of life, 
(iii) Both result in gradual increase of biomass 
Both involve considerable Niche 

specialisation. 


54. Refer to answer 50. 
55. Refer to answer 50. 
56. (a) Refer to answer 49. 
(b) Refer to answer 50. 
57. (a) Hydrarch succession refers to series of 
biotic communities that develop one after the 
other in a newly formed pond or lake. Various 
successive stages of hydrosere are : 
(i) Plankton stage: It is the pioneer stage of 
hydrosere., The autotrophic organisms called 
phytoplanktons,.(e.g., diatoms), zooplanktons 
(which feed on phytoplankton) and decomposers 
constitute this stage. Death and decomposition 
of plankton produce organic matter which mixes 
up with clay and settles at the bottom to form sof 
mud favourable for growth of next seral stage. 
(ii) Submerged stage : The bottom lined by soft 
mud having organic mater is favourable for growth 
of submerged plants like Hydrilla, Potamogeton 
and Najas. They are rooted in the mud and form 
dense growth. On decaying, the older plants and 
buried parts of other plants form humus which 
enriches the newly built up bottom and makes it 
lavourable for growth of next stage. 
(iii) Floating stage . Floating leaved anchored 
plants (e.g., Nymphaea, Nelumbo, etc.) appear 
when water becomes shallow The plants make 
the water rich in mineral and organic matter. It 
becomes suitable for growth of free floating plants 
like Lemna, Spirodela etc. Rapid growth of floating 
ea builds up bottom so that water 
Ow. 
“Y — swamp stage Amphibious plants 
body becomes’ skala, Eso When the w 
accumulates slit. i tangled Grn 
* Sedge or marsh meadow Stage : Reed swam} 
like Themeda oe mape (Sedge), gras 
Campanula etc ichanthium and herbs 1 
> “he plants transpire rapidly a” 


add abundant ek í 
for the next — Therefore, soil is build 1? 


(vi) Woodland Stage ; Sedge meadow stage f 


andi i 
onditions, e.g., Cornus ( Bogwoo d) etc. They invite 





ecosystem 


invasion by trees capable of bearing bright sunlight 
q water logging, €g» Populus (Cottonwood) 
Alnus (Alder). They built up more soil. ) 
(vii) Climax forest : New trees invade the area. 
these trees grow to greater heights with time a 
pydrophytic habitat gets converted to mesophytic 
one and forms a stable community. 
b) Rate of secondary succession is faster as a 
secondarily barred area has a built in soil organic 
matter. It is biologically fertile so succession 
is completed quickly. Underground parts, like 
vegetative propagules and seeds etc., of plants and 
invaders quickly give rise to a new community 
4s soon as conditions become favourable. It has 
few seral changes and quickly gives rise to climax 


community. 

5g, Xerarch succession is the sequence of 
successional stages that occur on bare rocks. The 
various stages and their component plant species 
appearing on a rock are as follows : 



























Pioneer stage : The first vegetation to occupy the 
rocky habitat is of crustose lichens, e.g., species 
of Rhizocarpon, Rhinodina and Lecanora. They 
produce some acids which bring about weathering 
of rocks which invites foliose lichen. The CQ, 
released during the respiration of these lichens 
react with water and forms acid. Thus, the process 
of breaking up of rock becomes more rapid. 












Moss stage : The bryophytes and particularly the 
mosses develop and spread very rapidly on the 
rocks. They accumulate more soil and organic 
matter which makes the surface suitable for next 












e is constituted by shallow 
e, Poa, Aristida, etc. 
| and more minerals. 


Herb stage : This stag 
rooted grasses as Eleusin 
These accumulate more soi 















Shrub stage : Due to much accumulation of 
soil, the habitat becomes suitable for shrub 
vegetation. This habitat includes the species ° 
Zizyphus, Caparis, etc. These, in turn, are finally 
replaced by trees, the climax community. 


















Some xerophytic tree species 
invade the area. Further weathering of rocks 
and increasing humus content of the soil iat 
the arrival of more trees» and vegetation en j 
becomes mesophytic. us, there develop 

finally a forest community. 


Forest stage : 
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59. The function of reservoir is to meet the 
deficiency of nutrient which occurs due to 
imbalance in the rate of influx and efflux. 
Two types of nutrient cycles are gaseous and 
sedimentary. 


60. Differences between carbon cycle and 
phosphorus cycle are as follows: 


Carbon cycle 









Phosphorus cycle 





component is 
non-gaseous. 








There is respiratory| There is no 
release of carbon/as | respiratory release 
of phosphorus. 











Its cycling poolis pre- | Its cycling pool is 
sent in hydrosphere | lithosphere. 
and atmosphere. 


(iv) | Its reservoir pool is | Its reservoir pool is 
atmosphere. lithosphere. 


(v) |Atmospheric input It is negligible. 
of carbon through 
rainfall is appreci- able. 


There is exchange | There is no such 
of carbon between | exchange. 
organisms and en- 
vironment. 


61. Two types of nutrient cycle existing in 
nature are gaseous and sedimentary. Atmosphere 
and lithosphere are reservoirs for gaseous and 
sedimentary cycle respectively. The function of 
reservoir is to meet deficiency of nutrient which 
occurs due to difference in rate of influx and 
efflux. 

62. The two ways by which carbon is returned to 
the atmosphere are : 



















(vi) 






(i) Byrespiration of all living organisms: During | 


respiration, all living organisms release carbon 
dioxide which returns to atmosphere thereby 
replenishing its amount in the atmosphere. 

(ii) By burning of fossil fuels: Fossil fuels like 
coal, petroleum and natural gas are rich source 
of carbon. On burning, they release carbon in the 
form of carbon dioxide back to the atmosphere. 


63. (a) Refer to answer 60. 

(b) Phosphorus is an important component of 
nucleic acids, biomembranes as phospholipids, 
cellular transfer system as ATP, body structure as 


Tr ~re 


———$ aD 


z rr — 
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Shells, bones and teeth. It takes part in metabolic 
Teactions involved in release of 
and utilisation of th 
of the body. 


energy from food 
is energy in various functions 


64. (a) A simplified model of phosphorus cycle 


is as follows: 
a 


Litter fall 













Decomposition 
Uptake 


Run off 
Weathering 


Rock minerals 


(b) Nutrient cycling helps to maintain stability 
and enables proper functioning of an ecosystem. 
Such cycles help in circulation of nutrients 
between abiotic and biotic components of an 
ecosystem and thereby help in maintaining 
ecosystem balance. Nutrient input 
ecosystem occurs through rain and dust fall, 
nitrogen fixation and weathering of rocks. These 
nutrient are taken up by plants and aré passed 
on to different trophic levels of a food chain 
operating in an- ecosystem. These nutrients are 
again made available to the lithosphere by death 
of living beings, followed by decomposition of the 
dead organic matter by microbes. The amount of 
nutrient uptake is equal to amount of nutrients 
recycled in a balanced. ecosystem. Hence, nutrient 
cycles ensure proper and continuous supply of 
nutrients insamecosystem. 


65. A simplified. model of carbon cycle is as 
follows: 









Consumers Hah] Decomposers 


& ea ang dec?’ 


Peat, coal, 
oil, CO3-rocks 


is added to the cycle pool of atmosphere ; 


-of fossil fuels. 


in an \ 


A 1 
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Carbon forms the backbone for complex Organ, 
molecules of protoplasm like carbohyge® 
lipid, proteins etc. Main sources of carbon te 
air, water, fossil fuel and rocks. Carbon dioy: 





respiration, decomposition of organic Wa : 
burning of fossil fuels, volanic eruption, tk 
Carbon fixed by producers enters the food chai 
and hence passes to herbivores, carnivore 
decomposers, etc. Natural exchange betwee 

lithosphere and hydrosphere or atmosphere js, 
very slow process. Major exchange In carbon Cycle 
is between organisms (absorption by Producers 
released by all in respiration) and the atmosphere 
or hydrosphere. This cycling is a Self-regulateg 
feed back system but has recently been upset due 
to rapid deforestation and increasing combustion 


66. (a) Refer to answer 64 (a). 
(b) Phosphate present in the soil may Occur in | 
the insoluble form. It is dissolved by chemicals 

secreted by microorganisms and plant roots, The 
dissolved phosphate is absorbed by the plants and 
changed to organic form. Phosphate fertilisers 
are added to the soil to increase its availability. 
Soil obtained from lake of ocean bed and guano 
(excreta of marine birds) are also good source of 
phosphorus. From plants, phosphorus travels to 
animals along through the food chain. Anima 
excretions and dead bodies of organisms are acted 
upon by decomposers. Phosphorus is released in 


the process. The Same becomes available for re- 
utilisation by plants. 


67. (a) (i) The biogeochemical cycle shown in 
the figure is carbon cycle. 

(ii) Decompositio 
depicted in the giv 
(b) Due to large 
of carbon dioxide 
disturbed because pl 
which utilise carbo 
This would distur 
carbon dioxide in 
(c) Increase in t 
atmosphere will p 
will lead to globa 
annual temperat 
result in climati 
Which may cre 
and disturb the 


n by microorganisms is 10 
en cycle. 

scale deforestation, the lev 
in the environment will b? 
ants are the major consume? 
n dioxide for photosynthes® 
b the balance of oxygen a 

the atmosphere. : 

he level of carbon dioxide i 
esult in greenhouse effect. 1e 
l Warming (rise in earth’s mê? 

ure). Rise in temperature tS 
c changes called El Nino effe 

ate severe environmental iss” 
ecological balance. 
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68. | a water. A lot of water is held in the soil which slowly 
Plants eaten by Roots of plants absorb passes towards perched water table. It comes out 
herbivores and phosphate dissolved in as springs. They are source of perennial freshwater 
other animals soil solution which is quite pure. | | 




























74. The products of healthy ecosystem processes ` 
which have environmental, aesthetic and indirect 
economic value are named as ecosystem services. 
It includes: x a | 
Gi) Soil : Soil formation and soil protection are . 
the major ecosystem services accounting for nearly 
| | : 50% of their total worth. Plant cover protects the 
of phosphate gets dissolvedinsoil soil from drastic changes in temperature. There 
is little wind or water erosion as soil particles are 
| not exposed to them. The soil remains porous and 
Also refer to answer 60. fertile. There are no landslides and floods. 
: (ii) Perennial water : Plant litter and humus 





Waste product and detritus are 
decomposed by Phosphate 
solubilising bacteria releasing 
phosphorus . 


- Uptake 






Due to weathering of rocks minute amount 


69. Refer to answer 60. prevent run off of water, hold water like sponge 


70. Refer to answer 65. E and allow percolation of water. A lot of water 

| 7L | Standing state signifies the amount of i$ held in the soil which slowly passes towards 
biogenetic nutrients present at any time in the perched water table and comes out as springs. 
growth medium (soil/water) of ecosystem. It tends They are a source of perennial fresh water which 
to vary from season to season and ecosystem to _18 quite pure. 

| ecosystem. Nutrients are exchanged through (iii) Air: Plant cover of natural ecosystems absorb 

various components of ecosystem (living and non Polluting gases, cause settling of suspended 

living) so that they can be used again and again. particulate matter, removes CO, and releases O,. 

Also refer to answer 65. | A purified air becomes available. 

(iv) Wetlands : They protect the land from floods, 

remove sediments and other pollutants and 

recharge ground water. 

(v) Climate : There is increase in atmospheric 


72. Healthy ecosystems are the base of a wide 
range of economic, environmental and aesthetic 
goods and services. Some of these are as follows: 
(i) Purification of air and water 


(i) Nutrient cycling humidity, good rainfall and moderating effect on 
(iii) Provide habitat to wildlife ae at 

(iv) Maintenance.pf biaklive NIMs (vi) Maintenance of biodiversity. 

(v) Mitigation of droughts and floods. (vii) Nutrient cycling : There is no depletion of 


nutrients but the same are repeatedly circulated 

and recirculated. It keeps the fertility of soil 

intact. 

(viii) Wildlife habitat : They are habitat of wildlife. 

(ix) Pollination : Bees and other insects of natural 
ecosystems visit nearby farmlands and pollinate 
the crop plants. 

(x) Home to tribals : A large number of tribals 
live in forests. 

(xi) Grazing grounds : They are grazing areas for 
numerous cattle. 


_ (vi) Forests provide storage site for carbon etc. 


73. For best services the ecosystem must be 
healthy. There are several advantages for keeping 
ecosystem healthy. Ecosystem services provided 
by nature are as follows: 
(i) Soil formation and soil protection are the 
major ecosystem services accounting for nearly 
50% of their total worth. Plant cover protects the 
Soil from drastic changes in temperature. There 
is little wind or water erosion as soil particles are 


Not exposed to them. The soil remains spongy and n 
artile. There are no landslides and no floods. (xii) Other values : Natural ecosystems are a 


(i) Plant litter and humus prevent run off water, source of spiritual, cultural and aesthetic values. 
old water like sponge and allow percolation of 75. Refer to answer 74. 
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Topic —> | | 


X ae : Maximum LA type questions were asked 
p MaximUM:VSA, SA I and SA Il type questions ` from Biodiversity Conservation. 
were asked from Biodiversity, 


QUICK RECAP | 


© Biodiversity (Gk bios = life, diversity = forms) 
or biological diversity can be defined as the 
vast array of species of microorg 
algae, fungi, plants and anim 
the earth either in the terre 


» Maximum weightage is of Biodiversity, _ >> 


Desert, Semi-Arid, Western Ghats, Dect 


Yeni ast | 
I eninsula, Gangetic Plain, Coasts, North-E* | 


í J. , SE Sa" a 
ind Islands, The country is rich in enden" 
flora and faun 


anisms, 
als occurring on 


Strial or aquatic Ji a. The richest regions ds | 
dabitats and the ecologica complexes of and Nort] ats, Indian cach 
which they are a part. This includes diversity biogeon rt 1 Eastern Hills of India bitals 
within species, between species and of the bi : graphical region has several ha y 
ecosystem. ouc comm 


unities and ecosystems. 
Cographical region is De“ 
nd the most biodiversity " 
Western Ghats and North" 


largest biog 
gions Peninsula a 


Himalayas, regions are 


© India has 10 biogeographical re 
namely, Trans Himalayas, 
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LEVELS OF BIODIVERSITY 


(i) Genetic diversity 
The diversity in the numbers and types of genes 
as well as chromosomes present in different species 


and the variations in the genes and their alleles in 

















(ii) Species diversity 
The variety in the number and richness of the species 
of a region. The number of the Species per unit area 
is called species richness. Number of individuals 


of different species represent species evenness or 
species equitability. 









(iii) Ecological diversity 
Itis variety of forms in the ecosystem due to diversity 
of niches, trophic lands, energy flow, food webs etc. 





Ecosystem diversity is of 3 types : 

Alpha (a) diversity (within community 
diversity) refers to the diversity of organisms 
i.e., number of species in given community or 
habitat. It is calculated by the combination of 
species richness and evenness or equitability. 


Beta (B) diversity (between community 
diversity) is diversity which develops due 
to change in a habitat or community along 
environmental gradients like. “altitude, 
latitude, moisture gradient) etc. The greater 
the difference or turnover of species between 
the habitats, the greater is the beta-diversity. 


Gamma (y) diversity is also called regional 
diversity. It represents the total richness of 
species in all the habitats found within a 
region, geographical area or landscape. When 
each habitat has a unique biota, gamma 
diversity is equal to average alpha diversity 
multiplied by the number of such habitats. 


PATTERNS OF BIODIVERSITY 


| Lat 


0 


l 


P 








itude and Altitude Gradient 


ae diversity decreases aS we move 


away from the equator towards the poles. 
It increases in temperate areas but reaches 
the maximum in tropical rain forests. 
Maximum diversity occurs in Amazon rain 
forest of South America. 


Tropics account for greater biological 


diversity. 





ons behind the maximum biological, 
diversity in tropical regions are: 

Prolong evolutionary time : Speciation is 
generally a function of time, unlike temperate 
regions subjected to frequent glaciations in 
the past, tropical latitudes have remained 
relatively undisturbed for millions of years 
and thus, had a long evolutionary time for 
species diversification. 

Constant environment Tropical 
environments, unlike temperate ones, are 
less seasonal, relatively more constant and 
predictable. Such constant environments 
promote niche specialisation and lead to a 
greater species diversity. 

High productivity : There is more solar energy 
available in the tropics, which contributes 
to higher productivity; this in turn, might 
contribute indirectly to greater diversity. 


Species Area Relationships 


7i 


y 


Within a region, the species richness increases 
with increasing area but upto a certain limit. 
The relationship between species richness 
and area is a rectangular hyperbola for a 
wide variety of taxa whether they are birds, 
bats, fresh water fishes or flowering plants. 


On a logarithmic scale it is a straight line. 
log S = log C + Z log A 
Here, S is species richness, Z is slope of line 


or regression coefficient, C is Y intercept 
while A is area. 





Species richness — 


Area ——»> 
Fig.: Species-area relationship 


Regression coefficient is generally 0.1-0.2 
regardless of taxonomic group or region, 
However, when the species-area relationship 
is considered for a very large area like a whole 
continent, regression coefficient or slope of 
the line comes to have Z value of 0.6-1.2, 
e.g, for frugivorous birds and mammals of 
tropical forests of different continents, the 
slope is found to be 1.15, 





IMPORTANCE OF BIODIVERSITY 


| Biodiversity is essential for stability of an 
| ecosystem. 













Biodiversity serves as source of food 
and provides source material for new 
improved varieties. 






Various products of human use can be 
obtained from rich biodiversity, e.g.» 
gums, resins, dyes, paper, fibres, etc. 









Various plant species provide different 
drugs and medicines, e.g., quinine from 
Cinchona, taxol from Taxus, etc. 






Biodiversity has scientific value also, 
as different animal species are used for 
biological and medical research. 


© Importance of species diversity to 


> 


ecosystem can be explained by : 
Productivity-stability hypothesis : David 
Tilman found that areas with more species 
showed less year to year variation in total 
biomass. He experimentally showed that, 
increased diversity contributed to higher 
productivity. | 

Diversity-stability hypothesis : According 
to Johnson et al 1996, the ecological 
communities will decrease in ability to 
recover from disturbance and in productivity 
if there is reduction in species richness. 
Rivet popper hypothesis : According to this 
hypothesis proposed by Stanford ecologist 
Paul Ehrlich (1981), the relationship 
between species richness and ecosystem 
functioning is non-linear, but may follow a 
variety of possible trajectories. The loss of 
a few species (or rivets holding together an 
aeroplane) will initially create no problem, 
but beyond a certain point losses will cause 
catastrophic effect. 


LOSS OF BIODIVERSITY 
© The most serious aspect of the loss 


of biodiversity is -the extinction of 


species. Extinction is of three types - 


natural extinction, mass extinction. and 
anthropogenic extinction. Natural or 
background extinction is a slow process 


nt 
of replaceme i ith 
the better adapted species due to alter, 
evolution, | 
conditions, 


has experience 
environmental catastrophes. Anthropo 


extinctions are extinctions abetted 
human activities like settlements, hunt. 
ove 


| Red Data Book and IUCN 
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of existing specie, 


changes in environmen, 
predators and diseases, Ear 


d five mass extinctions due, 
Q 


SeNi 


r exploitation and habitat destruction ` 


IUCN is International Union : 
Conservation of Nature and Naty, 
Resources which is now called Wo; 
Conservation Union (WCU). It maintains, 
red data book or red list whichisa catalog 
of taxa facing risk of extinction. 


Causes of Biodiversity Loss 
Four major causes (evil quartet) 


Habitat loss and fragmentation due to 
destruction of natural habitat, burning o 
forests, cutting down trees, forcing animak 
out of their habitats, which in alien lands! | 
die out after sometime. 









es, 






Increasing human population has escalated 
the use of natural resources. Many animals 
have become extinct in the last 500 years 
due to over exploitation by humans. 


Non-native or alien species often becom 
invasive and drive away the local specs 
It is the second major cause of extinction 
E.g.: Water hyacinth (Eichhornia crassip®|| 
was introduced in Indian waters to redu 
pollution. It has clogged water bod 
including wetlands at many places resultin 
in death of several aquatic plants a 
animals. 





exist in nature, e.g., Pronuba yuccasellest | 
Yucca. Extinction of one will automatic" 
cause extinction of the other. This is kno"? 
as CO-extinction. 


Certain obligatory mutualistic relations 
| 





CONSERVATION OF BIODIVERSITY 


| ( 
: ove p 
© There are three main reasons to conse! 1 


e ‘ i | 
biological diversity which can be groups 
three categories : 
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gjodiversity and its Conservation ai 

i) Narrowly Utilitarian-useful h maiia nee 

products like food, fibres, ies ont : ace a balance through nutrient 
medicine, etc. ,, fc. | . 

. litari (iii) Ethical Utilitarian-every living species 

a) ap of pi A SERVIES has an intrinsic ode aa nay not 
ike Pt pollinators, climate have any direct economic value, and 
regulation, flood and erosion control Y 3 


also, every spėcies has a right to live. 
Red List Categories | 
Critically endangered 


The taxon is facing very high risk of 
extinction in the wild and can become 
extinct any moment in the immediate 
future, e.g., Pigmy Hog. 


Endangered 


It is facing a high risk of extinction in the 
wild in the near future due to decrease in its 
habitat, excessive predation or poaching, 
e.g., Lion Tailed Macaque. 


> Dami 


Vulnerable 


Presently the population is sufficient but is 
undergoing depletion due to some factor or 
factors so that it is facing risk of extinction in 
medium term future, e.g., Clouded leopard. 

























the taxon has been completely 
eliminated Or died out from 


earth, 8-9.. Dodo. 





Lower risk 


They are threatened species which 
have lower risk of extinction and, 
therefore, require only a small attention 
to become normal flourishing species. 


Not evaluated 


The taxon has not been evaluated 
for risk of extinction. E 




























The taxon is absent in any 
of its natural or expected 
habitats in the wild. 



















































Data deficient 


The data for making direct 
or indirect assessment of 
risk of extinction is 
deficient. 


Rare species 


They are species with.naturally small 
populations, either localised or thinly 
scattered, which are always at risk from 
pests/pathogens/predators/exotic 
species. 












Indeterminate species 








The species are in danger of extinction but 
the reason is not known. - a, 





Flow chart : Various red list categories 3 , 
Table: Methods of biodiversity conservation i 


-Protected areas _ 







































; Hotspots 


Biodiversity hotspots are the 
areas characterised by very 
high levels of species richness, 
high degree of endemism 
and also accelerated habitat 
loss. Ecologically hotspots 
are determined by four 
factors as: number of species/ 
species diversity; degree of 
endemism; degree of threat to 
habitat due to its degradation 
and fragmentation; degree of 


exploitation. 
__Ex situ conservation Offsite collection 


It is the conservation of | These are live ee 

reatened plants and | of wild and domesticate 
animals outside their | species in botanical ate 
Natural habitats. These zoological parks, pecie 
Include offsite collections | safari parks, arboreta, ete: 


and gene banks. 


In situ conservation © 






National parks are large areas meant for the protection | 
of flora and fauna and are maintained for scientific, 
educational and recreational use. They are not 
usually used for commercial extraction of resources. |. 
Sanctuaries are tracts of land with or without lake 
where wild animals/fauna can take refuge without being 
hunted. Biosphere reserves are multipurpose protected 
areas which are meant for preserving genetic diversity ’ 
in representative ecosystems of various natural biomes 
and unique biological communities. Sacred forests and | 
lakes (= sacred groves) are forest patches around places 
of worship which are held in high esteem by tribal 
communities. E.g., Karnataka, Maharashtra, Rajasthan. 


- » Gene banks 


These are institutes that maintain stocks of viable seeds 
(seed banks), live growing plants (orchards), tissue 
culture and frozen germplasm (cryopreservation) with 
the whole range of genetic variability. 







In situ (on site) is 
conservation and 
protection of the whole 
ecosystem and its 
biodiversity at all levels 
in order to protect the 
threatened species. Two 
methods are being used 
to save biodiversity, hot 
‘pots and protected areas. 































































Identify ‘a and ‘b’ in the figure given below 
representing proportionate number of major 


vertebrate taxa. 
Vertebrates [a] 
VA 
\ ee 
E 


(Delhi 2014) 
Write the level of biodiversity represented by 


_ a mangrove. Give another example falling in 


(AI 2014C) 


Name the type of biodiversity represented by 

the following: 

(a) 50,000 different strains of rice in India 

(b) Estuaries and alpine meadows in India. 
(Delhi 2013) 


Name the type of biodiversity represented by 
the following: 

(a) 1000 varieties of mangoes in India. 

(b) Variations in terms of potency and 
concentration of reserpine in Rauwolfia 
vomitoria growing in different regions of 
Himalayas. (AI 2013) 


Why is tropical environment able to support 
greater species diversity? (AI 2011C) 


India has more than 50,000 strains of rice. 
Mention the level of biodiversity it represents. 
(Delhi 2010) 


Eichhornia crassipes is an alien hydrophyte 
introduced in India. Mention the problems 
posed by this plant. (AI 2010C) 
Name the unlabelled areas ‘a and ‘b of the 
pie chart representing the global biodiversity 
of invertebrates showing their proportionate 
number of species of major taxa. 


Crustaceans 


the same level. 


b Other animal 
group 


a 


(Delhi 2009) 





9. 
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13. 


14, 


15. 


16. 
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Name the unlabelled areas ‘a and Y ofi 
pie chart representing the biodiverşj 
plants showing their proportionate numb 
of species of major taxa. 


Mosses Ferns 


X 


Lichens 
(AI 2009) 
Name the unlabelled areas ‘a and b’ ofthe pie 
chart representing biodiversity of vertebrate; 
showing the proportionate number of species 
of major taxa. 
Mammals 


A = 
\Z Reptiles 


(Foreign 2009, 


Mention the kind of biodiversity more thar 
a thousand varieties of mangoes in Indi: 
represent. How is it possible? (Delhi 2016 


List four causes of biodiversity loss. 
(Delhi 2014C, Al 2011C 


Where would you expect more specie 

biodiversity- in tropics or in polar region’ 

Give reasons in support of your answer. 
(AI 2013 


What is meant by “alien species’ invasion 
Name one plant and one animal alien spe 
that are a threat to our Indian native speci® 

(AI 2013, 2010 
“Stability of a community depends oF s 
species richness” Write how did Da 
Tilman show this experimentally. (Al 20! 


a | j 
Alien species invasions is one of the caus 


biodiversity loss, Explain with the help ° fi 
example. (AI 201? 
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18. 


20. 


21. 


22. 


23, 


24, 


25, 


Observe the global proportionate number of 


` vertebrate diversity in the figure given below 


and answer the questions. 
(a) Name the group that has : 
(i) the highest 


i M 
representation. ammals 
(ii) the lowest Fishes a 
representation. 


(b) Mention 

the percentage of 
vertebrates that are 
(i) Oviparous 
(ii) Avians 


NW, Reptiles 


Amphibians 


(AI 2012C) 


Justify with the help of an example where a 
deliberate attempt by humans has led to the 
extinction of a particular species. (Delhi 2011) 
l ; 
: Ta b 

Area 
The above graph show _ species-area 


relationship. Write the equation of the curve 
2 and explain. (Al2011) 


Explain, taking one example, the effect of co- 
extinction on biodiversity. (Delhi 2011C) 


How does over-exploitation of beneficial 
species affect biodiversity? Explain with the 
help of one example. (Delhi 2011C) 


In the biosphere immense biological diversity 
exists at all’ lévels of biological organisation. 


Explain any two levels of biodiversity. 
(Delhi 2010) 


Giving two reasons explain why there is more 
species biodiversity in tropical latitudes than 
in temperate ones. (AI 2010) 
Sometimes alien species affect the indigenous 
organisms leading to their extinction. 
Substantiate this statement with the help of 
any two examples. (Delhi 2010C) 


Angiosperms 





26. 





a7. 


28. 


29. 
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Observe the global biodiversity distribution 
of major plant taxa in the above diagram and 
answer the questions that follow. 
(a) Which group of plant are most 
endangered? 
(b) Why are mosses/ferns so few? Give 
reason. 
(c) How do fungi that are heterotrophs 
sustain themselves as a large population? 
(d) Which group of plant is most advanced 
and which one is most primitive? 

(Delhi 2009C) 


Name the sociobiologist who popularised 
the term biodiversity. Identify the levels of 
biodiversity in India represented by 

(a) diversity among amphibians in Eastern 
and Western Ghats. 

(b) 50,000 strains of rice in India. 

(c) presence of deserts, mangroves and 
coral reefs in India. (AI 2009C) 


(a)“India has greater ecosystem diversity 
than Norway”. Do you agree with the 
statement? Give reasons in support of your 
answer. 

(b) Write the difference between genetic 
biodiversity and species biodiversity 
that exists at all the levels of biological 
organisation. (2018) 


Name and describe any three causes of 
biodiversity losses. (Delhi 2017) 


The following graph shows the species-area 
relationship. Answer the following question 
as directed. 

(a) Name the naturalist who studied the 
kind of relationship shown in the graph. 
Write the observation made by him. 

(b) Write the situation as discovered by the 
ecologists when the value of ‘Z’ (slope of the 
line) lies between. 

(i) O.and0.2 (ii) 0.6 and 1.2 

What does ‘Z’ stand for? 

(c) When would the slope of the line ‘b 
become steeper? 


Species richness —> 





(AI 2014) 
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30. 


Since the origin of life on Earth, there were 
five episodes of Mass extinction of species. 
(a) How is the ‘Sixth Extinction, presently 


n progress; different from. the previous 


episodes? 


~ (b) Whois mainly responsible for the ‘Sixth 


31. 


32. 


: 33. 
34. 


"85. 





LA 


Extinction? 

(c) List any four points that can help to 
overcome this disaster. (AI 2014) 
Explain giving three. reasons, why tropics 
show greatest levels of species diversity. 

E E © (A12014) 
Name and explain any two ways that are 
responsible for the loss of biodiversity. 

(3/5, Foreign 2014) 
Alien species are highly invasive and are a 
threat to’ indigenous species. Substantiate 
this statement with any three examples. 


_ (AI 2012), 


Taking one example each of habitat loss 
and fragmentation, explain how are the two 
responsible for biodiversity loss. 

(AI 2012) 


' Explain, “giving one example, how co- 


extinction is one of the causes of loss of 


biodiversity. List the three.other causes also | 


(without description). (Foreign 2011) 


a ons ne 


(S5marks) 


36. (a) Explain the species-area relationship 
using the graphical representation given 


below. | 
S = CA? 






Log S = log C + Z log A 


Species richness —> 


Area——————> 
(b) Explain giving reasons why there is 
greater biodiversity in tropical regions of the 


Earth. (AI 2012C) 


15.2 Biodiversity Conservation 


KAM 0 mark) o ăãŽ 


37. Write the importance of cryopreservation in 


conservation of biodiversity. 


(Delhi 2011) 


ON 
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38. 


39. 


40. 
41. 
42. 


43. 


EIMH (3 marks) 


45. 


46. 


47. 


48. 


| Why are sacred groves highly protected? 


Suggest two practices giving one example 


of each, that help protect rare or threaten, 4 


species. (AI 2017) 
(AI 2016) 
List any four techniques where the principle 
of ex situ conservation of biodiversity has 
been employed. (AI 2015) 
Why is there a needtoconserve biodiversity 
(2/5, Foreign 20 14) 
Differentiate between in situ and ex sitų 
approaches:of conservation of biodiversity, 
| (AI 2011) 


White Bengal tigers are protected in special 
settings in zoological parks. Tiger reserves 


are maintained in Western Ghat. 

(a) How do these two approaches differ 
from each other? Mention the advantages of 
each one. | 

(b) What is the significance of cryopreser- 
vation technique? (AI 2010C) 


A particular species of wild cat is endangered. 
In order to save them from extinction, which 
is a desirable in situ or ex situ? Justify your 
answer and explain the difference between 
the two approaches. (Foreign 2009) 





‘In-situ’ conservation can help endangered/ 
threatened species. Justify the statement. 

© (Delhi 2017) 
Many plant and animal species are on the 
verge of their extinction because of loss of 
forest land by indiscriminate use by thé 


= humans. As a biology student what method 


would you suggest along with its advantag® 
that can protect such threatened species 
from getting extinct? (Delhi 2015) 


Compare narrowly utilitarian and broadly 
utilitarian approaches to conserve 
biodiversity,. with the help of suitabe 
examples, (Foreign 20! 
There are many animals that have becom 
extinct in the wild but continue t0 
maintained in Zoological parks. 


(a) What type of biodiversity conser a 
is observed in this case? 


(b) Explain any other two ways which hep 
in this type of conservation. (Delhi 20! 
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49. The sacred groves of Aravalli Hills and Ooty 
botanical garden both aim at biodiversity 
conservation. How do they differ in their 
approaches? Explain. (AI 2013C) 


50. What are the two types of desirable 
approaches to conserve biodiversity? Explain 
with examples bringing out the difference 
between the two types. (Delhi, AI 2012) 


PM (5 mark) 


51. (a) Why should we conserve biodiversity? 
How can we do it? 


(a) Mammals (b) Amphibians 


2. Ecological diversity is found in mangrove. 


3. (a) Genetic diversity 
b) Ecological diversity 

4. (a) Genetic diversity 
(b) Genetic diversity 


i 
Rainforests also show same level of biodiversity. 
( 


5. Continuous favourable environment with 
little seasonal changes of temperature and 
moisture supports greater species diversity in 
tropical areas. Also, more solar energy is available 
in tropics, which promotes higher productivity 
and increased biodiversity. 


6. When species show. high diversity at the 
genetic level over its, distributional range then 
the biodiversitysis»at genetic diversity level. The 
90,000 strains of rice differiat genetic level. 


7, Eichhornia crassipes, an alien hydrophyte 
introduced in Indian waters to reduce pollution 
has clogged water bodies resulting in death of 
aquatic plants and animals. 
8. (a) Insects, (b) Molluscs 
9. (a) Fungi, (b) Angiosperms 
10. (a) Fishes, (b) Amphibians 
l1. More than a thousand varieties of mango in 
India exhibit genetic diversity. Genetic diversity 
represents the diversity in number and types of 
senes as well as chromosomes and variations in 
the genes and their alleles in the same species. 

€ reason for this genetic diversity is the 
occurrence of variations in environmental 
Parameters and use of horticulture techniques like 
Brafting, breeding etc. 


a a 
ru i ket 4 o ee 
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(b) Explain the importance of biodiversity 


hotspots and sacred groves. 
(Delhi 2016) 


52. (a) Explain the narrowly utilitarian, 
broadly utilitarian and ethical arguments in 
favour of conservation of biodiversity. 


(b) How is designation of certain areas 
as hotspots a step towards biodiversity 
conservation? Name any two hotspots 
in India. 


(Delhi 2014C) 





aot ees e alow 


12. The four causes of biodiversity loss are — 

(i) Habitat loss and fragmentation 

(ii) Over-exploitation 

(iii) Alien species invasions 

(iv) Co-extinctions. 

13. Tropics have more species biodiversity 
than the polar regions because of favourable 
environmental conditions as compared to polar 
regions where harsh conditions are prevalent. The 
reasons behind the maximum biological diversity 
of tropical regions. are: 

(i) Prolonged evolutionary time : Speciation 
is generally a function of time, unlike polar 
regions subjected to frequent glaciations in the 
past, tropical latitudes have remained relatively 
undisturbed for millions of years and thus, had a 
long evolutionary time for species diversification. 
(ii) High productivity : There is more solar 
energy available in the tropics, which contributes 
to higher productivity; this in turn might 
contribute indirectly to greater diversity. 


14. Non-native or alien species are often 
introduced inadvertently by man for their 
economic and other uses. They often become 
invasive and drive away the local species. For 
example: 
(i) Water hyacinth (Eichhornia crassipes) was 
introduced in Indian waters to reduce pollution 
but it turned out to be a problematic species, It has 
clogged water bodies including wetlands at man 
places resulting in death of several aquatic plants 
and animals. 
(ii) Nile Perch (a predator fis 1S j 
in lake Victoria of South N Tt re ‘pe 
<illed and 


eliminated ecologically unique assembla 
200 native species of small cichlid fish. ae 
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_ African catfish Clarias gariepinus introduced 
tor aquaculture in India posses threat to 
indigenous catfishes. 


15. Communities with more species tend to be 
more stable than those with less species as it is 
able to resist occasional disturbance. This has been 
confirmed experimentally by David Tilman’s. He 
raised plots with different diversities in Minesota 
grassland and subjected them various stresses. 
He found that plots with more species showed 
less year to year variation in total biomass. He 
also showed that in his experiments, increased 
diversity contributed to higher productivity. 

16. Refer to answer 14. 

17. (a) (i) Fishes - (ii) Mammals 

(b) According to approximate calculations, 
percentage of vertebrates that are 

(i) Oviparous = ~ 92% (It includes fishes, birds, 
reptiles, amphibians) | 

(ii) Avians = ~ 16%. 

18. Extinction of species due to human activities 
is known as anthropogenic extinction. Various 
human activities have led to extinction of particular 
species. The most common example is Nile ‘perch, a 
large predator fish introduced in Lake Victoria for 
commercial purpose turned out to be a problematic 
species. It started feeding on the native fish cichlid 
fish, which results in extinction of ecologically 
unique assemblage of over 200 native species of 
small cichlid fish. 

19. The equation of curve a is S = CA’ where, 


S= Species richness 

C= Y - intercept 

A = Area 

Z = Slope of the line (regression coefficient). 

The graph on species- area relationship shows that 
within a region, species richness increases with 
increasing explorable area, but only upto a certain 
limit. The relation between species richness and 
area for a wide variety of taxa turns out to be 
rectangular hyperbola. 

20. Co-extinction means that when a species 
become extinct, the plant and animal species 
associated with it in an obligatory relation 
also become extinct. For example the case of a 
coevolved plant-pollinator mutualism like in 
Pronuba yuccaselles and Yucca where extinction of 
one invariably leads to the extinction of the other. 


21. Excessive exploitation of a species, whether 
a plant or animal, reduces size of its population 
so that it becomes vulnerable to extinction. For 


Y 
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example, presently many marine fish Populatis, 
around the world are declining due to on 
Its in endangering the continue 


harvesting resu i , 
existence of some commercially "MP ortan, 


species. . 
32, Biological diversity means the variabil 
among living organisms at all levels of biologic) 
organisation ranging from macromolecule 
within cells to biomes. 

There are three levels of biodiversity are namely. 

(i) Genetic diversity 

(ii) Species diversity 

(iii) Ecological diversity 

Genetic diversity means variation of genes within 
the species; the differences could be in alleles 
(different variants of same genes), in entire genes 
(the traits determining particular characteristics) 
orin chromosomal structures. ‘The genetic diversity 
enables a population to adapt to its environment 
and to respond to natural selection. The greater is 
the genetic diversity of a species, the higher is its | 
efficiency to adapt. The greater the diversity the 
wider is the geographical distribution. E.g., India 
has more than 50,000 genetically different strains 
of rice and 1,000 varieties of mango. : - -- 
The variety in the number and richness-of: the 
species of a region is known as species diversity 
The number of species per unit area is called 
species richness and the number of individuals of 
different species represents species evenness. E.g., 
Western Ghats have greater amphibian species 
diversity as compared to Eastern Ghats. 


23. The two reasons for more species biodiversity 
in tropical latitudes than in temperate ones are: 

(i) Temperate region was subjected to frequent 
glaciations in the past, while tropical latitudes 


have remained relatively undisturbed for million 
of years and thus, had a long evolutionary time fo 
species diversification. 

(ii) Tropical environments, unlike temperet 
ones, are less seasonal, relatively more costal 
and predictable, Such constant environmen 
promote niche specialisation and lead to a great 
species diversity. 

24. Refer to answer 14. 


25. (a) As per the given pie chart licher 
are least in number, also lichens are pollutio! 
sensitive so with increasing globalisation We @ 
assume that in near feature lichens will be SU jer 
to extinction and hence may be considere 
most endangered among the given taxas. 
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(b) Mosses and ferns grow 
humid places or wet places and 
fertilisation. They also require high temperature 
„nd dry conditions and thus only a few of them 
survive. Hence, they are few in numbers. 

c) Fungi can live as Saprotrophs or parasites. As 
saprotrophs, they depend on only organic matter 
and hence survive in any environment. They 
roduce a number of thick walled spores, which 
can withstand the unfavourable conditions and 
germinate when conditions become favourable. 
This helps fungi in sustaining a large population. 
(d) Angiosperms are the most advanced whereas 
fungi are the most primitive. 

26. Edward Wilson popularised the 

biodiversity. 

(a) Species diversity 

(b) Genetic diversity 

(c) Ecological diversity 


in shady and 
need water for 


term 


27. (a) Yes, India has greater ecosystem diversity 
than Norway as India comes under the tropical 
region whereas, Norway lies in temperate 
region. Tropical regions account for greater 
biological diversity as they have deserts, rain 
forests, mangroves, coral reefs, wetlands, estuaries 
and alpine meadows than temperate regions. In 
tropical region more solar energy is available that 
also promotes higher productivity and in creased 
biological diversity. 


b) Differences between genetic and species 


biodiversity are as follows : 
Genetic biodiversity | Species biodiversity 


i) |Itis related to the Itis related to number 
number of genes and | and distribution of 
organisms. 



















their alleles found in | species found in an 
area. 


(ii) | It is trait of the It is trait of a 
species. community. 


It influences the It influences biotic 
adaptability and interactions and 
distribution of a stability of the 
Species in diverse community. 
habitats. 


Example : India has 
more than 50,000 
genetically different 
Strains of rice and 
1,000 varieties of 




































Example : Western 
ghats have greater 
amphibian 

species diversity 
as compared to 
Eastern ghats. 
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28. ‘The three major causes of biodiversity loss are : 
(i) Habitat loss and fragmentation - Over- 
population, urbanisation and industrialisation 
require additional land every year. It can come 
through destruction or fragmentation of natural 
habitats through filling wetlands, ploughing 
grasslands, cutting down trees, burning a forest 
and clearing some area of vegetation. Loss of 
habitat results in annihilation of species of 
endemic plants, microorganisms and forcing out 
of animals which in alien lands die out after some 
time. Migrating animals would go astray and get 
killed. 

(ii) Over-exploitation - Excessive exploitation 
of a species, whether a plant or an animal, 
reduces size of its population so, that it becomes 
vulnerable to extinction. Due to over-exploitation 
by humans, Dodo, three subspecies of tiger and 
Stellers sea cow have become extinct in the last 
500 years, 

(iii) Alien species invasions - Non-native or alien 
species are often introduced by man for their 
economic and other uses. They often become 
invasive and drive away the local species. For 

example, water hyacinth (Eichhornia crassipes) 

was introduced in Indian waters due to its aesthetic 

value but turned out to be a problematic species. It 

clogged water bodies including wetlands at many 

places resulting in death of several aquatic plants 

and animals. 

29. (a) Alexander von Humboldt studied 

species-area relationship. He observed that within 

a region, the species richness increased with 

increasing area but upto a certain limit. 

(b) (i) Ecologists have discovered that the 

value of Z lies in the range of 0.1-0.2 regardless of 
taxonomic group or region, i.e., whether it is plants 

in Britain, birds in California or molluscs in New 

York the slopes of the regression line are similar. 

(ii) When the  species-area relationship is 

considered for a very large area like a whole 

continent, regression coefficient Z or slope of the 
line become steeper with Z values in the range of 
(c) Slope of line b, would become steeper when 
the value of Z ranges from 0.6 to 1.2 as for mammals 
of tropical forests of different continents, the s 
is found to be 1.15. 


30. (a) Sixth extinction, i.e., the current species 
extinction is 100 - 1000 times faster than 


extinctions in pre-human times, 


lope 
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(b) Human activities like settlements, hunting, 
over exploitation and habitat destruction are 
mainly responsible for ‘Sixth extinction’ 

(c) This disaster can be overcome by the 
following ways: 

(i) Planting large number of trees on road sides 
and where space is available. 

(ii) Avoid introduction of invasive alien species. 
(iii) Conserving biodiversity by maintaining 
National parks, zoos etc. 

(iv) Deforestation and fragmentation of forested 
areas should be stopped. 


31. Refer to answers 13 and 23. 


32. ‘The two ways that are responsible for the 
loss of biodiversity are alien species invasion and 
co-extinctions. Also refer to answers 14 and 20. 
33. Refer to answer 14. 


34. Loss of habitat through filling wet lands, 
polughing grasslands, cutting down trees, burning 
a forest and clearing some area of vegetation 
results in annihilation of plants, microorganisms 
and forcing out of animals which in alien landdie 
out after sometime. Habitat loss deprives plants 
and animals of their homes and they get killed. 
Fragmentation of habitat e.g., “forestland 
surrounded by crop lands, orchards, urban 
areas etc. disrupts complex interaction amongst 
species, annihilation of. species restricted to 
deeper undisturbed parts of forest.and decreased 
biodiversity. 

35. Refer to answers 20 and 12. 

36. (a) Refer to answers 29and 19. 

(b) Refer to answers 13.and 23. 


37. Cryopreservation is ex-situ conservation 
technique in which tissues, organs, embryos, seeds 
etc. are stored at very low temperature of -196°C. 
At this temperature the living material can be 
stored indefinitely in compact, low maintenance 
refrigeration units. It can be revived as and 
when required. In order to prevent extinction, 
endangered organisms are being cryopreserved so 
that they can be revived to help in conservation. 
38. Two methods which are practiced to protect 
threatened or rare species are: 

(i) In situ conservation:It is the conservation of 
endangered plant or animal species in its natural 
habitat, either by protecting the habitat itself, or by 
defending the species from predators. Examples : 


Hotspots, National parks, sanctuaries, biosphere 
reserves, etc. 
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are most undisturbed fores 
ften surrounded by high) 


oe EuN species which are rare or have 
become extinct elsewhere can be seen to flourish 
here. E.g. Jaintia and Khasi hills in Meghalaya. 
40. Four techniques where principles for ex sity 
biodiversity conservation has been employed are 
(i) In vitro fertilisation - Egg are fertilised in 
in vitro. conditions. 

(ii) Cryopreservation — Cells, embryos, tissues 
are preserved at - 196°C. 

(iit) Seed banks - Storing viable seeds at low 
temperature, and germinating them to obtain 
fresh seeds. 

(iv) Tissue culture — Production of large number 


of plants through callus culture, pollen grain 
culture, embryoids etc. 


41. Conservation of biodiversity is the protection, 
uplift and scientific management of biodiversity 
>o as to maintain it at its optimum level and 
derive sustainable benefits for the present as well 
as future strategies. The maintenance of a high 
level of biodiversity is important for the stability 
of ecosystem. The main reasons to conserve 
the biological diversity can be grouped in thre 
Categories : 
- Narrowly utilitarian 
umans like food, 
etc.) 
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It is conservation of 
endangered species 
in their natural 
habitats. 
The 
species are 
protected 
predators. 
The depleting 


resources are 


It is conservation of 
endangered Species 


outside their Natural 
habitats. 










endangered | The endangered spe- 


cles are protested 
from all adverse fac- 
tors. 


They are kept under 
human 










from 





supervision 
and provided all the 


essentials. 


Offspring produced 
in captive breeding 
are released in natu- 
ral habitat for ac- 
climitisation. 


43. (a) In Zoological parks, white Bengal tigers 
are protected outside their natural habitats. It is 
mode of ex situ conservation. Animals afe kept 
under human supervision and are protected 
against all adverse factors. 

Western ghats are hot-spots, ie., areas of high 
endemism and high level of species richness. It is a 
mode of in-situ conservation. Endangered species 
in Tiger reserves are conserved in their natural 
habitat. These are protected from predators. 

(b) Refer to anfwer 37, 


44, Endangered species of wild cat can be saved 
from extinction by ex situ conservation. In ex situ 
‘Pproach, endangered species are kept under human 
"Petvision, and are protected from all adverse 
actors, They are provided with all essentials and 
are also protected from predators. More offspring 
e Produced by captive breeding and are released 
" their natural habitat to acclimatise, which helps 


Maintaining their population. Also refer to 
Mswer 42 


fe in-situ’ conservation helps endangered and 
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where cultivation, grazing, forestry and habitat 
manipulation are restricted. Sanctuaries are 
places where wild animals can take refuge without 
being hunted. Activities like collection of forest 
products, private ownership land, tilling of land, 
etc., are allowed but animal hunting is prohibited. 
Biosphere reserves are meant for preserving 
genetic diversity in representative ecosystems 
of various natural biomes and unique biological 
communities by protecting wild populations, 
traditional life style of tribals and domesticated 
plant/animal genetic resources, 


46. Conservation of biodiversity is protection, 
uplift and scientific management of biodiversity 
so as to maintain it at its optimum level and derive 
sustainable benefits for the present as well as future 
generations. There are two types of conservation 
Strategies — in situ (on site) and ex situ (offsite). 

In situ conservation is conservation and protection 
of the whole ecosystem and its biodiversity at all 
levels in their natural habitat in order to protect 
the threatened species. It involves hotspots 
and protected areas. Hotspots are areas of high 
endemism and high level of species richness. 
Protected areas are ecological/biogeographical 
areas where biological diversity along with natural 
and cultural resources is protected, maintained 
and managed through legal or other effective 
measures. Protected areas include national parks, 
sanctuaries and biosphere reserves. 

Ex-situ conservation is conservation of threatened 
plants and animals in places outside their natural 
homes under full protection and supervision. It 
includes offsite collections and gene banks. 


47. There are a number of reasons to conserve 
biodiversity which can be grouped as: 

(a) Narrow Utilitarian : Human derive a major 
part of their requirement from organisms. Their 
direct benefits are countless. Like (i) Food cereals 
: Pulses, fruits, vegetables, milk, egg, meat cones 
from plants and animals (ii) Fats and oils are 
obtained from plants and animal. (iii) Firewood 
as a source of energy for cooking and heating. (iv) 
Fibres, e.g., cotton, flax silk, wool. (v) Industrial 
products like tannins, lubricant dyes, resins, and 
perfumes. (vi) Drugs: Nearly 25% of drugs being 
used by us are directly coming from plants. 

(b) Broadly  Utilitarian 
fundamental to ecosystem servi 
example (i) Oxygen: Through th 
activity plants are replenishi 
atmosphere. Amazon rain fo 


Biodiversity is 
ces of nature, For 
eir photosynthetic 
ng Oxygen of the 
rest is estimated to 


366 


Contribute 20% of it. (ii) Pollination: Bees, bumble 


ees, butterflies. moths, beetles, birds and bats are 
engaged in pollination of plants which is essential 
or formation of fruits and seeds. (iii) Climate 
regulation: Forest and Oceanic systems regulate 
global climate. (iv) Aquifers: Plant cover is 
essential for retention of rain water, its percolation 
and storage in aquifers and reservoirs. (v) Flood 
and erosion control: Plant cover protects the soil 
from wind and water erosion. Run off of rain water 
is reduced so that flood water is rarely formed. 
(vi) Nutrient cycling : It is essential for continued 
availability of nutrients to plants without which 
there would be no photosynthetic activity. 


48. (a) Zoological Parke 


represent 
conservation. 


ex situ 


(b) Ex sity conservation 
endangered plants and a 
natural homes. It includ 
cryopreservation. Tissu 
through callus forma 


» is conservation of 
nimals outside their 
es tissue culture and 
e culture is carried out 


tion, embryoids, pollen 
grain culture and shoot tip culture for those 


plants which are either seedless, variable seed 
Progeny or where clone is to be maintained, The 
method is useful in maintaining a large number 
of genotypes in small area, rapid multiplication of 
even endangered species and for hybrid rescue. 
Shoot tip culture maintains virus free plants. It 
is used for international exchange of germplasm 
in vegetatively multiplied cultivars, e.g., banana, 
potato. Also refer to answer 37. 


49. Sacred groves are undisturbed forest patches, 
surrounded by highly degraded landscapes where 
not even a single branch of tree is allowed to be 
cut. As a result, many endemic species which are 
rare or have become extinct, seen to flourish here. 
While botanical gardens are areas where many 
species of plants, are conserved outside their 
natural habitats. They help to restore endangered 
species, whose chances of survival are very small. 
Thus, sacred groves of Aravalli Hills are sites of in- 
situ conservation, where endangered species are 
protected in their natural habitat whereas Ooty 
Botanical gardens are sites of ex situ conservation, 
where the endangered species are protected 
outside their natural habitats. 


50. Refer to answer 46. 
51. (a) Refer to answers 41 and 46. 


Y 
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(b) (i) Hotspots: Biodiversity hotspots’ ary, 
regions which are characterised by very high | eve 
of species richness and high degree of endemis 
India has three hotspots - Indo-Burma (North, 
East India), Himalayas, and Western Chat 
Importance of hotspots are as follows: | 
- Maintaining genetic diversity of al] 
species and varieties. 

- Maintaining viable populations of 
species, subspecies and varieties. 

- Maintaining resilience in species/hą 
ecosystems to adapt to environ 
changes. 

- Maintaining. the various types 
communities/ecosystems/habitats both 
number and distribution. 

- Checking human aided introduction of 
alien/exotic species. 

(ii) Sacred forests or sacred groves are forey 

patches around places of worship which are held 

in high esteem by tribal communities. They are the 
most undisturbed forest patches (island of pristine 
forests) which are often surrounded by highly 
degraded landscapes. They are found in several 
parts of India, e.g., Kataataka, Maharashtra, 

Rajasthan (Aravali), Madhya Pradesh (Sarguja, 

Chanada and Bastar), Kerala, Meghalaya. Temples 

built by tribals are found surrounded by deodar 

forests in Kumaon region, Jaintia and Khasi hills 
in Meghalaya. Not a single branch is allowed to be 
cut from these forests, As a result, many endemic 
species which are rare or have become extinct 
elsewhere can be seen to flourish here. Bishnois 
of Rajasthan Protect Prosopis cineraria and Black 

Buck religiously. Some water bodies are also held 

sacred in certain places. e.g., Khecheopalri in | 

Sikkim. Their aquatic flora and fauna are naturally 

preserved, 

52. (a) Refer to answer 47 

Ethical human beings Share the biosphere with 

over a million species of plants, animals a 

microbes. They have evolved just as we have 

evolved. Every living species has an intrinsic valt 
though it may not have any direct economic valu 

It is therefore, our moral and ethical duty not i 

destroy them, Instead we should take care of the! 

well being so as to pass the rich biological lege 
to future generations | 


(b) Refer to answer 51 (b), 
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16.1 Air Pollution and its Control _ : 
16.2 Water Pollution and its Control 
16.3:Solid Wastes... 
16.4 Agro-chemicals and their Effects 
16.5 Radioactive Wastes : 
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Air pollution and its Control 
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Odum defined pollution as, und 
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properties of air, water and n ba 
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Thebasiccause of pollutioniseverine ri ag 
rise in human population that is putting 
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16.6. Greenhouse Effect and Global Warming 
16.7 Ozone Depletion in the Stratosphere 
16.8 Degradation by Improper Resource | 


Utilisation and Maintenance 


16.9 Deforestation 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2018-2009) - 


2a 









“Maximum LA type questions were asked from 
_ Air Pollution and its Control, Greenhouse Effect — 
and Global Warming and ‘Ozone Depletion in 


the Stratosphere... `- 


equally increasing demand for more food, 
water supply, roads, transportation, dwelling 
units, schools, hospitals, electricity, more 
industrial products and a large number of 
other commodities. This is exerting pressure 
on natural resources which are, hence, 


undergoing depletion and degradation. 
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© A pollutant js any substance, chemical or 


other factor that changes the natural balance 
of environment. 


Classification of pollutants 


© On the basis of their existence in nature, form 


(in which the pollutants Persist after release), 
and nature of disposal, pollutants are of 
Various types. 


© 


The various classes of pollutants on the basis of: 


(a) Existence 
(i) Quantitative: 
Those components which become pollutants 
when their concentration reaches beyond a 
threshold value, e.g» CO, CO,, NO,. 
(ii) Qualitative: 
Do not occur naturally in nature, but are 
passed through human activities. e.g., DDT 
and other pesticides, 

(b) Persistence 
(i) 


Primary pollutants: Persist in form in 


y 


CETE CBSE Champion Biology Cay h 


which they are added to the environme, 

e.g., plastic ware, DDT. | 

(ii) Secondary pollutants: Formed \ 

interactions among primary Pollutans, 
» toxic than primary pollutants. è 

peia ‘| tes (PAN) and ozone. 

peroxyacy mitrale: 

Nature of disposal 

(i) Biodegradable: Degrades by natun 

means, such as heat or microorganisms eg 

sewage, domestic wastes, 

(ii) Non-biodegradable: Either do ng 

degrade or degrade Very slowly in nature 

Ug, mostly inorganic Compounds (like salt 

of heavy metals, radioactive materials etc) 

DDT, polythene bass, ete. 


AIR POLLUTION 


© Air pollution is the Occurrence or addition 
of foreign particles, gases or pollutants in the 
air which have an adverse effect on human 
beings, animals, vegetation etc. 


Causes of Air Pollution 










Combustion 
of fossil fuels 









Metallurgical 
processing (mineral 
dust, sulphides) 






Primary Air Pollutants 
Particulate , matter e.g., 


soot, flyash, dust, fur, hair, 


























e Cause respir 
















Chemical industries 
(pesticides, fertilisers, 
Weedicides) 


Table: Air pollutants and their effects 


atory problems. 
e Sometimes accumulate i 
large coloured 










Processing industries 
like textiles, 
Wheat flour mills 


Welding, stone 
crushing, gem 
grinding, etc. 






cotton 


n upper layers of atmosphere to form 
clouds that hinder Passage of solar radiations etc. 


th haemoglobin to form carboxyhaemoglobin 
esulting in giddiness, headache, 









ee E 
——— SS 


xia, Cardiovascular malfunctions, etc. 
3, Greenhouse gas, contributes to global Warming. 
In excess, it causes headache and nausea. 
HS * Causes mottled chlorosis and defoliation in plants. 
en e Eye irritation, throat irritation and Nausea in animals and humans 
5. | Sulphur oxides : 


getation. 
es and injury to respiratory tract. 


Ponsible for discolouration and deterioration 

res, fabrics, leather, etc. ; 

Cause lesions, necrosi 

e Cause eye irritation, i 
dilation of arteries. 


e Act on hydrocarbons to form PAN 
Lt Give rise to photochemi 


e Cause irritation to ey 
e Leads to acid rain res 


of buildings, sculptu 


| 





6. | Nitrogen oxides ° 


(Pero; i | | 
c al smog, roxyacyl nitrate) 
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7, | Fluorides e Cause chlorosis and necrosis of leaf in plants. 
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e Cause abnormal calcification of bones and teeth, swelling of knee 
bones in animals. 


e Causes mottling of teeth, knocking knees, neuromuscular 
disorder in humans. 












Chlorofluorocarbons Cause depletion of ozone layers which may result in high amount 












T (CFCs) of ultraviolet radiations reaching the earth. 
B: Secondary Air Pollutants Effects 
Smog Causes destruction of vegetation. 


Causes deteriorations of rubber products suchas tyres etc. 
2. | Ozone 


Smog is a dark or opaque fog formed by condensation of water vapo 
various gaseous pollutants such as NO3, SO», HS, ofc. 
Classical smog is dark brown and opaque; formed by condensation of water vapours with H,S and SO, 


over dust or smoke particles at low temperature. 
Photochemical smog contains secondary pollutants.or photochemical oxidants. It is opaque smog 


formed at high temperature over cities and towns. 


Devices to Control Air Pollution 


Settling chamber : To remove large particulates. 


e Causes necrosis in plants. 

e Corrodes surfaces of marble statues, buildings etc. 

e Causes injuries in mucous membranes, haemorrhages and eye 
irritation in humans. 










Causes silvering, glazing, bronzing and necrosis in leaves. 
Causes respiratory distress and eye irritation in humans. 





urs, dust, smoke particles and 



















The dirty air is blasted into a conical cylinder. This creates a violent 


Cyclonic separators: 
; A he heavy materials migrate to the wall and exit from the bottom of the 


swirl within the cone, t 
cone. The clean air exit out from the top. 
















Bag filters : Fabric bags are used to collect the dust like common vacuum cleaner. 


ct between air and water. Water dissolves gases and wet 





et collector : It promotes the conta 
particles settle down. 











tors ; Particles present in dirty air are charged electrically. The 
assed over collection plates connected electrically with 


ir charge and settle down. 


Electrostatic precipita 
harged dust particles are P 
earth. Dust particles lose the 


















like activated charcoal are used to remove toxic gases, vapours, etc. 
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© Acid rain is the rainfall and other forms of 
precipitation with a pH of less than 5. pH ot 
normal rain is 5.6 - 65, Acid rain i ause 
by large scale emission of acidic gases into 
the atmosphere. Oxides of sulphur and 
oxides of nitrogen may react with water 
vapour to form sulphuric acid (H.SO,) and 
nitric acid (HNO,) respectively, Aad rain 
causes reduced rates of photosynthesis and 
growth, and increased sensitivity to drought 
and disease Marble statues and buildings are 
corroded by acid rain eg. Tay Mahal in India 
is affected by the acid rain 


WATER POLLUTION 


© Water pollution is the deterioration of the 
quality of water duc to addition of foreign 
substances (inorganic. organic, biological. 
radiological). factors (heat) and deprivati 
that makes it health hazard. unfit for hur 
useand aquatic organisms Water pollut 
may be of three types - biological (+ 
pathogens eg. viruses, bacterta. 


algae, ete). chemical 















(panama pnn 
Clay and si 


} soil cruosion, 
tat | 
leaching oym 


aw ae ewage Waste, soap, 


-m on npm = 
Runao ı agricultural fields, having 
fer rs and pesticides. 

Oil-spills from oil tankers, offshore oil 
neries. 






















Wastes from animal sheds and slaughter 
houses. 





Municipal waste, containing excess of 
phosphate and nitrate. 





Industrial waste water containing organic| 
and inorganic residues. 





Effects of Water Pollution 


(i) Increase in Biological oxygen demand 
(BOD): BOD is the oxygen in milligrams 
required for five days in one litre of water at 
20°C for the microorganisms to metabolise 
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organie waste When large amount of te, 
. ty) 
is dumped into water, the BOD will incr, 


aral thus dissolved oxygen (DO) wil dac, 


(ii) Algal bloom: The ewes growth | 
planktoni algae that causes colouration y 
water is called algal bloom. It detenory,, 
water quality 

(iii) Eutrophication: Phosphorus and nitrata , á 
fertilpers and detergents dissolve in wate 
and accelerate growth of algae which bra 

surtace The algal groay 

ya hax hy 15 responsible tr 

Mher aquatic organise 

ctivity of lake and pog 

nent enrichment is caly 

n Putrephication caue 


mat on the w 
dearygenat 















Natural cutrophication occur alow) 
ata rate which may not be detectahke » 
hurmaan litle tune 

Accelerated or cultural cutrophicaties 
occurs duc to human activities be 
passage of sewage and run off fre 
fertilised felds into ponda, lakes an 
other waler bodica 


(iv) Biomagnification: The phenomenon, throug 
which certain pollutants, such as pesticide, na 
off, get accumulated in tissues in increaury 
concentration along the food chains, må 
produce fatal effect as called biomagnification 
or biological magnification 


Harmful effects on human health 


© Water-borne infectious diseases Be 
cholera, dysentery, typhoid, jaundice 1% 
worm infection are the major public 
problems in developing countries. 


© Excess quantities of heavy metals such ® 
mercury, lead, cadmium, nitrate, fl 
and chlorine are harmful to health in m 
Ways as discussed in the table. 
Table : Harmful effects of metal 
contamination of water 









Minamata disease 
(Japan, 1952) 
Methemoglobinaemia of beet 
baby syndrome in inb” 
—-LUmpairs oxygen transport) 
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Arsenic Black foot dica,.. 


Knock knee 


disease or skeletal 
fluorosis 


"i 










naemia, vomiting, damage 
to liver, kidneys and brain, 
neurotoxicity 


= 


larrhoea, bone defects, 
paralysis 


© Polluted water is treated in effluent treatment 
plants before its release into water bodies. 
There are three steps in sewage treatment : 


sewage/Effluent treatment plant 


(i) Primary treatment: Physical treatments 
such as sedimentation, floatation, 
fragmentation and filtration are involved 
in primary treatment, to remove floating 
and large suspended solids. 

(ii) Secondary treatment : Thére are two 
ways in secondarytreatment : anoxic 
(it is through the action. of anoxic 
microorganisms and macromolecules) and 
aerobic (it is by two ways : trickling filter 
method and activated sludge method). 

(iii) Tertiary treatment : Cleared water is 
chlorinated or irradiated with UV rays 
to kill pathogens and for removal of 
nitrates and phosphates. 































Gastrointestinal ulcers, nephritis 
and nervous system disorders 
Skeletal 


itai-itai 








deformities called 







Primary B ————— — — i 
(Physical) i Secondary | 
iological 
Sewage | (Biological | Biogas 
| Sludge | 
igester 
gese Manure, 
Sludge Burning, 
Landfilling 


Aeration 
tanks . 


Liquid 
Primary River 


settling 


Compost 
landfilling 


Flow chart : Sewage treatment process 
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THERMAL POLLUTION 


© Discharge of hot waste water produced by 


industries, thermal power plants and oil 
refineries into water bodies. 


© As a consequence of thermal pollution, 
temperature of water bodies rises and 
dissolved oxygen content decreases. 


© It affects aquatic life, as organisms sensitive 
to high temperature get killed. 


RADIOACTIVE POLLUTION 


© Pollution of air, water and soil with 
radioactive material is called as radioactive 


pollution. It affects all the organisms 
including humans, 











Effects of Radioactive Pollution | 


Can kill vegetation and cause irreparable 
injuries to humans and animals. 






Causes loss of hair and nails. 


Subcutaneous bleeding and damage to 
various Organs, 





,|High level radiations also cause tumors, 
cancers and genetic deformities. 


© Control of radioactive pollution: Leakage of 
radioactive elements from nuclear reactors, 
laboratories and industries producing, 
processing or using them should be totally 
checked. All safety measures for this purpose 
should be strictly enforced. Radioactive 
wastes should be changed into harmless 
form or stored in safe place where they may 
gradually decay in a harmless manner. 


SOIL POLLUTION 


@} Soil pollution is the alteration in soil caused 
by removal or addition of substances and 
factors which decrease its productivity or 
quality. Pesticides, fertilisers, chemicals and 
radioactive wastes are the main source of soil 
pollution. Pesticides include insecticides, 
fungicides, algicides, rodenticides and 
weedicides. Alongwith target organism 
they harm non-target organisms as well th 
destroys soil ecosystem. 


S, 
is 
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© Control of soil pollution : Soil pollution 
can be checked by reducing the disposal 
Wastes, appropriate use of chemical 
fertilisers and use of biological pest control. 
The most important measure to check land 
degradation is restoration of forest. crop 
rotation, improved drainage, etc. 


SOLID WASTE MANAGEMENT 


© Solid wastes are discarded or left over solid 
materials. The various sources of solid wastes 
are municipal wastes, industrial wastes, 
mining wastes, hazardous wastes, defunct 
ships and electronic wastes, 


© Control of solid wastes : Disposal of waste 
consists of recovery and recycling, source 
reduction, burning and dumping. Burning is 
combustion of solid waste containing organic 
compounds in open places. Incineration 
is controlled aerobic combustion of wastes 
inside chambers at temperature of 900- 
1300°C. Pyrolysis is combustion inside 
chambers in the absence of oxygém)at a 
temperature of 1650°C. It does not yield 
pollutants. In source reduction, garbage and 
other organic wastes are taken out of urban 
areas and used for formation of compost, 
biogas and manure. 


Three Rs of Waste Management 


© The three Rs ‘of waste management are 
reduce, reuse and recycle. The first R relates 
to reduction of waste, second R relates to 
the reuse of various articles and the third R 
relates to recycling by collecting the waste 
articles and transforming them into the new 
products. 


NOISE POLLUTION 


© Unpleasant loud sound is called as noise (also 
called slow killer) and disturbing level of noise 
is known as noise pollution. Noise pollution 
is measured in decibels. Generally sound 
above 80 dB is termed as noise. A sound more 
than 115 dB is harmful to the ears. Various 
sources of noise pollution include industries, 
social events, transportation, construction 


activities, etc. 
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© A number of temporary — physiol. 


changes occur in the human body as a q i 
iii of noise exposure These are a rise 
blood pressure, a rise in intracranial! Pression 
an increase in heart rate and breathing and y» 
increase in sweating. A sudden loud Noire og 
150dB or more may cause permanent log of 
hearing. 

Control of noise pollution : Green Muflle 
scheme involves growing green plana 
along roadsides to reduce noise Pollution 
Specitic legislatign’ and regulations should 
be proposed fémdesigning and operation of 
machines, Vibratiens control, soundproof 
cabins aid use ot Sound-absorbing materiak 


OZONE LAYER DEPLETION 


©) “Stratosphere has a thick layer of ozone (good 


ozone) called ozonosphere which protects lik 
on earth trom harmful effects of UV radiations 
Thickness of ozone is measured in Dobson 
units (D.U). 


Ozone in the earth's atmosphere is generally 
created by ultraviolet light striking oxygen 
molecules, which consist of two oxygen 
atoms (O,), creating two single oxygen 
atoms, known as atomic oxygen. The atomic 
oxygen then combines with a molecule of 0, 
to Create ozone, O,. In stratosphere, ozone is 
tormed and photodissociated. It dissipates 
the energy of UV radiations. 


Ozone absorbs most of the ultraviolet 
radiation, so it shields earth agains! 
biologically harmful solar radiations. 


Ozone depleting substances (ODS) 
substances which react with ozone preset 
in the stratosphere and destroy the sams 
The ozone layer is destroyed by aeros° ‘ 
which are certain chemicals released i0" 
the air with force in the form of mist : 
vapour. Major aerosol pollutant present 
jet plane emissions is fluorocarbon. Besi” 
chloroflourocarbons or CFCs (CCI,F; ™ 
CCI,F; used as coolants in air condition?" 
and refrigerators, cleaning solvents, aero 
propellants and foam insulation), mitre g” 
oxides (coming from fertilisers) % 
hydrocarbons are also responsible for + 
depletion. 
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Effects of Ozone Depletion 


In human beings UV radiations will cause 


sunburns, skin cancer and eye cataract 






Exposure to UV radiations may lead 
to suppression of the immune system 


in human beings making the body 
susceptible to infections. 
















Exposure to UV radiations results in 
decreased population of aquatic species 


and reduced phytoplankton on the surface, 
affecting the food web of the community. 






UV rays may enhance photochemical 


smog and acid deposition and may affect 
paints and plastics. 








There may be reduced yield of some 
crops and decreased forest productivity 
from UV sensitive tree species. 








It also contributes to global warming 
because of decreased ocean uptake of CO, 
from the atmosphere by the phytoplankton 
and CFCs acting as greenhouse gases. 


UV radiations inhibit photosynthesis by 
affecting photosynthetic machinery. 
International Initiatives for Mitigating 
Ozone Depletion 





© Montreal Protocol = The Montreal Protocol 
was a convention signed in 1987 by 27 
industrialised countries. It is a landmark 
international agreement to protect the 
Stratospheric ozone and to limit the 
production and use of ozone-depleting 
substances. 


© In 1999, an amendment named as Beijing 
amendment was passed on substances that 
deplete the ozone layer. The ee lays 
down steps to reduce emission of HCFCs in 
developing and developed countries. 

© Earth Summit (United Nations Conference 


on Environment and Development, ae 
- It was held in Rio-de-Janerio (Brazi 


373 


and adopted the recommendations of CCC 
(Convention on Climate Change) for 
reducing greenhouse gases. In 2012, a second 
Earth Summit (Rio + 20) was also held in 
Rio-de-Janerio. This conference focused on 
two themes : (i) green economy in the context 
of sustainable development and poverty 


eradication (ii) the institutional framework for 
sustainable development. 


Kyoto Protocol (Dec. 1997). - International 
conference held in Kyoto, Japan obtained 
commitments from different countries for 
reducing overall greenhouse gas emissions 
to an average of 5% against 1990 level in the 
period from 2008-2012. According to new 
commitments, parties committed to reduce 
greenhouse gas emission by atleast 18% below 


1990 levels in the eight-year period from 2013 
to 2020: 


GREENHOUSE EFFECT 


© A greenhouse is a glass house that is used 


for growing plants specially during winter. 
The glass panels let the light in but do not 
allow the heat to escape, warming up the 
greenhouse. 


Similar warming effect is observed in 
atmosphere, where certain gases like carbon 
dioxide trap the heat and does not let it escape. 
These gases are termed as greenhouse gases. 


The various greenhouse gases are CO, 
(warming effect 60%), CH, (20%), 
chlorofluorocarbons or CFCs (14%) and 
N,O (6%). Others of minor significance are 
water vapours and ozone. 


Greenhouse gases (GHGs) or radiatively 

active gases are essential for keeping the 

Earth warm and hospitable. They prevent 

a substantial part of long wave radiations 
emitted by earth to escape into space. Rather 
greenhouse gases radiate a part of this energy 
back to the Earth. The phenomenon is called 
greenhouse flux. Greenhouse flux maintains 
the mean annual temperature of earth nearly 
15°C. In its absence it will fall to -18°C. 
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© 


Scientists believe that increased input of 
CO, and other greenhouse gases into the 
atmosphere will increase the earth’s natural 
greenhouse effect and raise the average global 
temperature of the atmosphere near the earth's 
surface. This enhanced greenhouse effect is 
called as global warming. 


Some strategies should be followed 
to deal with global warming 

Vegetation cover should be increased for 
photosynthetic utilisation of carbon dioxide; 
chlorofluorocarbon should be replaced with 
some other substitute having little effect 
on global warming; reducing the use of 
nitrogen fertilisers to reduce nitrous oxide 
emission; minimising the use of fossil fuel to 
reduce the greenhouse gas emission, etc. 


DEFORESTATION 


© 


Deforestation is removal, decrease or 
deterioration of forest cover of an area, It is 


caused due to jhum cultivation, hydrolectric 


projects, forest fires, human establishments, 
road construction, overgrazing, mining and 
for timber production. 


© 


© 
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Its results in soil erosion, desertificatj, 
drought, loss of plant and animal habitat, 
ecosystem disturbance, global warming ete 


A Bishnoi woman Amrita Devi showeg 
exemplary courage by hugging a tree 
and daring kings men to cut her first 


- before cutting the tree. In her honour, the 


Government of India instituted the Amrit 
Devi Bishnoi Wildlife Protection Award 


for individuals or communities from rural 


areas that have shown extraordinary courage 
and dedication in protecting wildlife. Durin 


- Chipko Movement of Garhwal Himalayas 


‘local women showed enormous bravery in 


protecting trees from the axe of contractors 
by hugging them. 


The Government of India in 1980s has 


introduced the concept of Joint Forest 
Management (JFM) so as to work closely 


with the local communities for protecting 


-and managing forests. In return for their 
‘services to the forest, the communities get 


benefit of various forest products (e.g,, fruits, 
gum, rubber, medicine, etc.) and thus, the 
forest can conserved in a sustainable manner. 
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16.1 Air Po 


GM (mark) o 


l. 


6. 


i 


10. 


Ii, 


Sa er AAC LEVEL EARP EE 


lution and its Control 


errr en ee <o eee aA 


An electrostatic precipitator in a thermal 
power plant is not able to generate high 
voltage of several thousands. Write the 
ecological implication because of it.(AI 2017) 


Mention two advantages for preferring CNG 
over diesel as an automobile fuel. (AI 2016) 
List two advantages of the use of unleaded 
petrol in automobiles as fuel. (AI 2015) 


Why is the use of unleaded petrol 
recommended for motor vehicles equipped 


with catalytic converters? 


(AI 2013, 2012, Delhi 2011C, 2009C) 


List two gaseous products that are produced 


when exhaust of an automobile passes 
though a catalytic converter. (Delhi 2012C) 


Why are lichens regarded as pollution 
indicators? (Delhi 2009C) 


eee ee 


Public transport in Delhi uses CNG since 


2002. List the advantages of this fuel policy. 


(AI 2015, 2013C) 


Name two metals used in a catalytic 
converter. How do they help in keeping the 
environment clean? (Delhi 2014C) 
State the function ofa catalytic converter in 
an automobile: (AI 2011C) 
How does an electrostatic precipitator work 
to remove particulate pollutants released 
from the thermal power plants? (Delhi 2010) 
Mention the major cause of air pollution in 
metro cities. Write any three ways by which 
it can be reduced. (Al 2010; 
How do automobile fitted with catalytic 
converters reduce air pollution? Suggest the 
best fuel for such vehicles. (Foreign 2009) 


ETH (3 marks) aa aa 


13, 





places where it is essential 


two oni 
o pee ipitators. Why it Is 


to install electrostatic prec 
required to do so? 






14. 


15. 


16. 





YAra ea eng 
ESAD S: 
DN ESN 
PNL oe WS 





limitation of the 
(Delhi 2016) 


(a) State the consequence if the electrostatic 
precipitator of a thermal plant fails to 


(b) Mention one 
electrostatic precipitator. 


~ function. 


(b) Mention any four methods by which 
the vehicular air pollution can be controlled. 
(AI 2011) 


Explain any three measures which will 
control vehicular’air pollution in Indian 
cities. (AI 2009) 
Particulate and gaseous pollutants along with 
harmless gases are released from the thermal 
power plants. 

(a) Name any two harmless gases released. 

(b) Name the most widely used device for 


removing particulate pollutants from the air. 
Explain how the device is used. (AI 2009) 





(4marks)  — 


17. Looking at the deteriorating air quality 


18. 


because of air pollution in many cities of 
the country, the citizens are very much 
worried and concerned about their health. 
The doctors have declared health emergency 
in the cities where the air quality is very 
severely poor. 


(a) Mention any two major causes of air 
pollution. 


(b) Write any two harmful effects of air 
pollution to plants and humans. 


(c) As a captain of your school Eco-club, 
suggest any two programmes you would 
plan to organise in the school so as to bring 
awareness among the students on how to 
check air pollution in and around the school. 


(2018) 


Public all over India is very much concerned 
about the deteriorating air quality in large 
parts of North India. Alarmed by this 
situation the Residents Welfare Association 
of your locality organised an awareness 
programme entitled “Bury not burn” They 
invited you, being a biology student to 
participate. 
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(a) How would you justify your arguments 
that promote burying and discourage 
burning? (Give two reasons) 

(b) With the help of flow charts, one for 


each practice depict the chain of events that 
follow. (Delhi 2017) 


19. Presently, air quality of Delhi has significantly 
improved in comparison to what existed 
before 1997. This is the result of a lot of 
conscious human efforts. You are being 
asked to conduct an awareness programme 
in your locality wherein you will comment 
on the steps taken by Delhi Government to 
improve the air quality. 

(a) Write any two of your comments. 
(b) List any two ways that you would 
include in your programme so as to ensure 
the maintenance of good quality of air. 
(c) State any two values which your 
programme will inculcate in the people of 











your locality. (Foreign 2014) 
PEN (Smarks) d 
20. (a) Why are catalytic . converters 


recommended for vehicles? 
(b) Why should such ,vehicles use only 
unleaded petrol? 


(c) Why is CNG preferred todiesel as a fuel 
in vehicles? (Delhi 2010C) 


16.2 Water Pollution and its Control 


21. Excessive nutrients in a freshwater body 


cause fish mortality. Give two reasons. 
(Delhi 2016) 


22. Write the name of the organism that is 


referred to as the ‘Terror of Bengal. 
(Delhi 2014) 


23. State the cause of accelerated eutrophication. 
(Delhi 2014) 
24. Why is Eichhornia crassipes nicknamed as 
‘Terror of Bengal’? (Delhi 2012) 
25. Name the world’s most problematic aquatic 
weed. What is the nature of the water body 

in which the weed grow abundantly? 
(Delhi 2012C, AI 2010C) 
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26. — ag (Al 201) 
Mention the information that the healt 
27. srkers derive by measuring BOD ofa Wate, 
i dy. ‘Al 2019 


p] (2 marks) _ | 
28. How did a citizen group called Friends of 
Arcata Marsh, Arcata, California, USA, help 
to improve water quality of the marshland 
using Integrated Waste Water Treatmenp 
Explain in four steps: (2018) 
al bloom is observed in a pond 





29, Plenty of alg 
in your locality. 
(a) Write what, has caused this bloom and | 
how does it affect the quality of water. 


Ba Suggest a preventive measure. 
(Delhi 2017) 


Explain how does the inflow of large amount 
of nutrients like phosphates and nitrates 
into the water body drastically affects the 
aquatic life there. Name the phenomenon 
responsible. (AI 2014C) 


31. ‘Fish mortality increases with influx of 
nutrients in a fresh-water body. Write two 
reasons. How will the influx of nutrients 


affect the BOD level of this water body? 
(AI 2014C) 


32. BOD was measured in two different places 
A and B of a river in the direction of its flow. 
BOD value was higher at A than at B. What 

_ do you infer from this observation and why’ 
(2/5, AI 20130) 


33. Explain how does the algal bloom eventually 
choke the water body in an industrial area. 
(2/5, Delhi 2012) 


34. Write the harmful effects of the presence of 
large amount of nutrients in a water body: 

(Delhi 20120) 

35. How is it that the mortality rate of fish 

Increases downstream from the point ° 

sewage discharge into a water body? Explain 

(Delhi 20120) 

bon the graph given below. Explain how 

8€N concentration affected in the rivel 
when Sewage is discharged into it. 


30. 


36. 
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38. 


39, 


40, 





C . 
Q Dissolved oxygen 
C 
E 
N 
T 
R 
A 
T 
I 
O 
N 
— — 
Direction of flow 
Sewage 
discharge 


(Delhi 2011) 
Why is it difficult to get rid of ‘water-hyacinth’ 
from a water body? Name one abiotic 
component and one biotic component of the 
ecosystem that get affected by its spread in 
the water body. (Delhi 2011C) 
Explain giving reasons the cause of 
appearance of peaks ‘a and ‘b’ in the graph 
shown below. 





Dissolved oxygen 


Z 
Q rns 2 
3 
m 
Z 
23) 
Z . 
Ol A 4” N... B OD 
Q 
——> —> 
i Direction of flow 
Sewage 
discharge 


(AI 2010) 


A crane had DDT level as 5 ppm in its body. 
What would happen to the population of 
such bird? Explain giving reasons. 

(Delhi 2009) 
Explain the cause of algal bloom in a water 


body. it affect an ecosystem! 
ody. How does it a FALADOS) 


SAI (3 marks) _— — 


4], Explain the effect on the characteristics of a 


42. 


43, 


discharged into 


; wage is 
river when urban sewag (2018) 


It. 


With the help of a flow chart, show bis 
phenomenon of biomagnification of DDI in 
(Al 2015) 


an aquatic food chain. 7 
With the help of flowchart exhibit ou one 
of eutrophication. 


he events 


44. 


45. 


46. 


47. 


48. 
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Explain the changes that can be observed 

in the characteristics of river water when 

sewage is discharged into it and a few weeks 

after the discharge with respect to : 

(a) level of dissolved oxygen 

(b) population of fresh water organisms. 
(Delhi 2015C) 


Drinking water problem in our urban areas 
is caused mainly because we fail to protect 
our water bodies. Explain how accelerated 
eutrophication chokes our water bodies to 
death. (AI 2015C) 


Two type of aquatic organisms in a lake show 
specific growth patterns as shown below, in 
a brief period of time. The lake is adjacent to 
an agricultural land extensively supplied with 
fertilisers. 


E 
2 A 
z 
= 
O 
Ui 
O 
D 
2 
Z 
Z, B 


Time 

Answer the questions based on the facts 
given above: 
(a) Name the organisms depicting the 
patterns A and B. 
(b) State the reason for the growth pattern 
seen in A. 
(c) Write the effects of the growth pattern 
(AI 2014) 
How does a water body age naturally? 
Explain. State how this phenomenon of 
ageing of a water body gets accelerated. 

(Delhi 2013C, Foreign 2011) 
How does an algal bloom cause 
eutrophication of a water body? Name the 
weed that can grow in such a eutrophic lake. 

(Delhi 2012) 

Explain biomagnification of DDT in an 
aquatic food chain. How does it affect the 
bird population? (3/5, AI 2012) 


seen above. 
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16.3 Solid Wastes 
PRS (2 marks) Ż oOo 


ite 
50. Name any two sources of e-wastes and writ 


two different ways for the disposal. 
(Delhi 2013) 


- 51. How does Ahmed Khan, plastic sacks 
manufacturer from Bangalore, solve the ever 


increasing problem of accumulating plastic 
waste? (AI 2012) 


52. What is polyblend? Why did the plastic 


manufacturers think of producing it? Write 
its usefulness. (AI 2011) 


53. Mention how e-waste is produced and 


disposed off. Write the solution for its 


treatment. (AI 201 0) 





54. (a) Why are the colourful polysterene and 
plastic packaging used for protecting the 
food, considered an environmental menace? 
(b) Write about the remedy found for the 
efficient use of plastic waste by Ahmed Khan 
of Bangalore. (Delhi 2012) 


—AY/:{e) | (4 marks) 
55. Since October 02, 2014 “Swachh Bhara 
Abhiyan” has been launched in our country. 
(a) Write your views on this initiative 
giving justification. 
(b) Asa biologist name two problems that 
you may face while implementation of the 
programme in your locality. 
(c) Suggest two remedial methods to 
overcome these problems. (Delhi 2015) 
56. Community service department of your 
school plans a visit to a slum area near the 
school with an objective to educate the slum 
dwellers with respect to health and hygiene. 
(a) Why is there a need to organise such 
visit? 
(b) Write steps you will highlight, as 
a member of this department in your 
interaction with them to enable them to lead 
a healthy life. (AI 2014) 
57. A few residents in your locality, for business 
gains, have established small-scale industrial/ 
commercial activities such as pathological 
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b and fabric dyeing centres with, 

la > . ‘No objection certificates fr t 

obtaining 5 E ON 
horities. 


municipal aut Da 
t l 

would you support these ivities? Giyę ù 
three reasons in support of your answer — 


16.4 Agro-chemicals and tha 
Effects 
(3 marks) ee 


ould the spraying of DDT as a 
insecticide On vegetable crops be banneg 
Explain. (Delhi 20] 30 


59, Why is there a decline in the population q 
the fish-eating birds when the water body 
amidst agricultural fields? (Delhi 2010¢ 


46.5 Radioactive Wastes 
EG (1 mark) 


60. Inspite of being non-polluting, why are there 
great apprehension in using nuclear energy 
for generating electricity? (Foreign 2014 


16.6 Greenhouse Effect and Globe 
Warming 


5g. Why sh 





(1 mark) 
61. Name the greenhouse gases that contribute 
to global warming. (Delhi 2014 


62. Name the two gases contributing maximu 
to the greenhouse effect. (AI 20140 


63. How is snow-blindness caused in humans. 
(AI 2010 


EAE (2 mark) oo ee 


64. ‘The figure below shows the relati“ 
contribution of four greenhouse ga ft 
global warming : 


WS 
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(a) Identify the gases A and C. 

(b) Why are these four gases called the 

greenhouse gases? (Foreign 2011) 
65, Chlorofluorocarbons (CFCs) are widely 

used as refrigerants. Then why it is suggested 

to reduce its emission as far as possible? 


Explain. (Delhi 2010) 


GMM 3 marks) o 


66. Explain the causes of global warming. Why is 
it a warning to mankind? (Delhi 2009) 


LAN (5 marks) E 


m 


67. (a) What is El Nino effect? Explain how it 
accounts for biodiversity loss. 





(b) Explain any three measures that you 
as an individual would take, to reduce 
environmental pollution. (Delhi 2011) 


16.7 Ozone Depletion in the 
Stratosphere 


(1 mark) l 


68. State the purpose of signing the Montreal 








Protocol. (Foreign 2014) 
69. Where is good ozone present? Why is it so 
called? (Delhi 2014C) 
70. Mention two harmful effects of UV-B 
exposure on human eye. (AI 2012C) 
71. Write the-wnit used for measuring ozone 
thickness. (Delhi 2011) 
72. Mention the causes of thinning of ozone 
layer. (Delhi 2010C) 


ESN (2 marks) 


73. List four benefits to human life by eliminating 
the use of CFCs. (AI 2017) 
74. Explain the relationship between CFCs and 


ozone in the stratosphere. (AI 2016) 
75, 


UV light 


CFCs —> Cl atoms 


O;—¥0, 
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(a) What are the after effects of the 

degradation of ozone? 

(b) How does it affect human health? 
(Delhi 2015C) 


76. 


| UV light 


(a) Expand CFC. 


(b) How does it reduce ozone to oxygen ? 
(AI 2015C) 
77. (a) State the cause of depletion of ozone 
layer. 


(b) Specify any two ill-effects that it can 
cause in the human body. 


(Foreign 2014, AI 2012) 





(3 marks) _ 


78. Explain greenhouse effect and depletion of 
ozone layer with reference to global warming. 

(AI 2009C) 

79. How is ozone formed in the stratosphere? 
Why is it called ‘good ozone? CFCs 
contribute to ozone-hole formation. Explain. 


(AI 2009C) 





oa) (5 marks) _ 





80. (a) Why is the ozone layer required in the 


stratosphere? How does it get degraded? 
Explain. 


(b) Why is the ozone depletion a threat to 
mankind? 


(Delhi 2013C) 
16.8 Degradation by Improper 
Resource Utilisation and 
Maintenance 
HEMT (3 marks) 
Sh pl mae a ne eg 


ain. (Delhi 2013, 2009C) 
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16.9 Deforestation 


BEM a maro Oooo 


82. How does Jhum 
deforestation? 


ESN 2 marks) 


83. What is joint forest management? How can 
it help in conservation of forests? 


(Foreign 2015) 


cultivation promote 
(AI 2011C) 


l. Electrostatic precipitators (ESPs) are 
devices where particles present in dirty air are 
charged electrically to form a corona of negative 
charges around them. These charged dust 
particles when passed over collection plates of 
ESPs (electrically connected earth) loose their 
charge and settle down. If ESP in a thermal power 
plant is unable to generate high voltage of several 
thousands, that means it is not functioning 
properly. Due to this, the dust particles.will not 
be able to get charged and settlé down. This will 
result in pollution of air. 

2. CNG is preferred over diesel because it burns 
more efficiently without producing much pollution 
and it cannot be adulterated like diesel. 


3. Two advantages of using unleaded petrol in 
automobiles as fuel are: 

(i) Unleaded: petrol results in decline in the 
emission of harmful gases such as SO,, CO and 
NO,, thereby.improving air quality. 

(ii) It is desirable to use unleaded petrol in 
the automobiles fitted with catalytic converter 
because lead in the petrol inactivates the catalyst 
metals like platinum-palladium and rhodium, etc. 
present in the converter. 


4. Refer to answer 3(ii). 
5. Carbon dioxide and nitrogen gas. 


6. Lichens are very sensitive to pollution, 
especially caused by SQ). Air polluted with SO, 
and acid rain, destroy lichen population. 


7. CNG (compressed natural gas) is a better 
fuel than petrol or diesel because it is cheaper, 
burns more efficiently, does not produce much 
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g4. Write what was the percentage of forest ce 

of India at the beginning and at the eng 

the twentieth century. How different ka 

from the one recommended by the Nation 
Forest Policy of our country? 

(Foreign 2014 


EJN (3marks) ooo 


85. Enumeratetheconsequencesof deforestation 
(AI 20] 2C) 


) 


TT, 


AN 
pollution, cannot be siphoned off by thieves ang 
it cannot be adulterated like petrol and diesel. 


8. Metals used in catalytic converters ap 
platinum-palladium and rhodium. When exhaug 
gas is passed through catalytic converter, unburn 
hydrocarbons are oxidised to produce carbon 
dioxide and water. Carbon monoxide is oxidised 
to form carbon dioxide and nitrogen oxide split 
up to form nitrogen gas. Thus, help in keeping the 
environment clean. 

9. Refer to answer 8. 


10. Electrostatic precipitator is the most efficient 
device which is used to separate particulate 
pollutants. It has electrode wires and a stage of 
collecting plates. The particles present in dirty 
air are charged electrically to form a corom 
of negative charges around them. The charged 
dust particles are passed over collecting plate 
connected electrically with Earth. Dust particles 
lose their charge and settle down. 


11. The main sources of air pollution are mot 
vehicles, industries. fossil fuel (coal) based plat" 
and thermal power plants. It can be controll 
by: (i) use of low sulphur fossil fuel, (ii) 20%! 
of industries away from human settlem j 


for dispersing pollution sources, (iii) chang 
pollutants to less toxic forms. 


12. Automobiles fitted with catalytic convert | 
have costly metals like platinum-palladium * 
thodium as catalysts. They convert harmful 8” 
into less toxic form. Unburnt hydrocarbo™ 
oxidised to produce carbon dioxide and W 


yy 
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carbon monoxide is also oxidised to form 
carbon dioxide. However, nitrogen oxide splits 
yp to form nitrogen gas. Catalytic converter fitted 
automobiles should use unleaded petrol because 
lead in the petrol inactivates the catalyst. Use of 
multipoint fuel injection engines are best for such 
yehicles. 


13. (a) The major sources of the particulate 
matter are industrial and thermal power plant 
exhausts. Therefore, it is essential to install 
electrostatic precipitators in industries and 
thermal power plants. Electrostatic precipitators 
are very efficient devices that can remove over 99 
per cent particulate matter present in exhaust. 

(b) One of the major drawbacks of electrostatic 
precipitator 1s that it cannot remove particulate 
matter of less than 2.5 micrometre diameter, 
which causes various respiratory problems. 


14, (a) If the electrostatic precipitator fails to 
function, then smokestacks of thermal power 
plants, smelters and various industries will 
release particulate and gaseous air pollutants. The 
emission will also possess hot air with harmless 
gases, such as nitrogen, oxygen etc. Therefore, 
smoke containing fine particulate and gaseous 
pollutants will not be filtered. This situation 
will cause air pollution that will affect all living 
organisms including various human, respiratory 
problems. 

(b) The four methods for controlling vehicular 
air pollution areas follows: 

(i) Use of CNG (Compressed Natural Gas) 

(ii) Use of catalytic converters in vehicles 

(iii) Use of low sulphur petrol and diesel 

(iv) Application of stringent pollution level norms 
of vehicles etc. 

15. Refer to answer 11. 

16. (a) CO, and N, 

(b) Refer to answer 10. 

17. (a) The major causes of air pollution are: 
(i) Combustion of fossil fuels and wood in 


automobiles, thermal plants, industries, — 
etc., that gives out soot, fly ash and oe _ 

CO,, CO, NO 

2» : 2 etc. f i ust, 
(ii) Metallurgical processing adds minere 
fumes rich in fluorides, metallic pen air 

lead. chromiunt, nickel, cadmium, etc., to ; 
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(iii) Burning of crop residues by farmers in 
agricultural lands leaves particulate matter, CO), 
CO, oxides of nitrogen, methane, etc. This causes 
the air quality index to drop drastically. 

(b) Harmful effects of air pollution on plants and 
humans are : 

(i) The soot and smoke particulate matter settles 
on leaves and reduces the rate of photosynthesis. 
In humans, it penetrates deep into respiratory 
system and causes ailments like bronchitis, 
asthma, cardiovascular problems, etc. 

(ii) Oxides of nitrogen cause lesions, necrosis 
and defoliation in plants whereas in humans they 
cause decreased gaseous exchange in blood, eye 
irritation, lung edema,ete. 

(iii) Hydrocarbons, such as methane, lead to 
premature leaf fall and fruit drops in plants. 
In humans, it causes eye irritation, bronchial 
constriction, etc. Benzene and formaldehyde are 
carcinogenic and may cause leukemia. 

(c) As a captain of my school Eco-club, I would 
suggest the programmes to bring awareness 
among Other students are as follows : 

(i) Awareness camps and seminars in the school 
premises with volunteers encouraging students to 
reduce usage of personal vehicles for pick ups and 
drops from home and school. Instead they should 
use school transport. Students can encourage their 
parents at home to use less of air conditioners, 
aerosols, etc. Also they can encourage them to use 
public transport i.e, buses and using CNG instead of 
diesel. 

(ii) A tree planting drive can be organised in 
school with all students participating and each 
one planting a tree sapling around the school or 
society to improve green Cover. This would bring 
awareness among students as to how trees can 
reduce air pollution. 

(iii) A poster making programme can be held in 
school depicting the causes, effects and solutions 
for air pollution. The students can use these 
posters in their society to make people aware. 


18. (a) Following arguments can be put to 
promote burying over burning : 

(i) Burning of wastes results in release of various 
gases like CO, CO,, oxides of nitrogen and sulphur, 
etc. These gases are very harmful to environment 
as they cause global warming, acid rain, etc. These 
gases, when inhaled may cause health hazards 
like nausea, headache, allergies, respiratury tract 
diseases, etc. 
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ic wastes 


(ii) Burying of garbage and other organ 
in soil produces humus and inorganic 
through decomposition and hence promote 


minerals 


í - poll 
Emission of primary pollutants 


Er] [O] Fo] [ienen 


Inhaled 


Sex 





cg 






Global 
warming 








Garbage/Wastes Burying 





Segercgation 







Biodegradable 





Non-biodegradable 


Dumping in low 
lying land 


Land filling 





Nutrients utilised 
by plants 





emission of vehicles also add to reduction in 
vehicular air pollution. 

(b) (i) Use of unleaded petrol, 
petrol/diesel must be insisted. 

(ii) Switching over from diesel/petrol to 
compressed natural gas (CNG) and making 
compulsory the use of catalytic converter in 
vehicles. 

(c) The two values that the programme will 
inculcate in the people of locality are: 

(i) Cooperation and sharing of vehicles to reduce 
vehicular air pollution e.g., car pooling. 
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extent of environmental 


Passage of sewage and run off from 
Gelds into water bodies results in 
„cessive nutrients which causes excessive growth 
f algae. The algae use oxygen at night and 
eoxygenate the water enough to kill fish and 
other animals. 
(ii) Eutrophic water bodies support excessive 
growth of floating plants, which cut off light for 
submerged plants and latter die. This results in 
decrease in oxygen content and cause death of 
fish. 
22. Eichhornia crassipes (water hyacinth). 


23. Eutrophication is the natural ageing of a lake 
or water bodies by nutrient enrichment of watet 
Apparently pollutants from human activities like 
effluents from the industries and homes such 4 
sewage, agriculture wastes, etc. have radically 


acc e p 
i miaa this ageing process. This phenomenon 
vac accelerated eutrophication. 


oe es is also called as “Terror o 
and rivers cade ee chokes ponds, lakes 
water bodies BE in imbalance of ecosystem 

, causes death of aquatic animals. 
25. Eichhornia crass 
Weed. It grows in the 
nutrients Specially nit 


Ipes is a problematic aquatic 
water body which is rich 
rogen and phosphorus. 
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_ Excess growth of planktonic al | 
-alled algal blooms. They are toxic to Bae is 
nd humans. Algal blooms cut off li at eae 
gibmerged plants causing their Fa mw rom 
decrease 1 eres water that deteriorates the 
water quality and kills aquatic animals. é 


17. BOD (biochemical oxygen demand) is th 

amount of the oxygen required by W aA 
to decompose the organic matter present in one 
tre of water during a particular time period 
pOD test measures degree of impurity of te 
As higher the BOD, more will be the pollution. 
Thus, indirectly BOD is a measure of the organic 
matter present in the water. 


28. In the town of Arcata situated along the 
Northern Coast of California, an integrated waste 
water treatment process was developed with the 
help of biologist from Humboldt State University. 
Waste water is treated in the following manner : 
(i) Waste water is filtered to remove floating and 
large suspended solids. 

(ii) Precipitated solids (sediments) are removed 
in the next step. 

(iii) The clear water is now chlorinated with 
chlorine or perchlorate salt. | 
This treated water contains lots of heavy metals 
and other dangerous pollutants. 

(iv) In this step, a series of six connected marshes 
in 60 hectares of marshland seeded with bacteria, 
algae, fungi and plants, which absorb, assimilate 
and neutralise the pollutants. The naturally 
purified water is the then allowed to flow out. 


29. (a) Algal bloom is the excess growth o 
planktonic algae that causes enya 5 
colouration of water. It may have peer serve 
passage of sewage and run off from the fields 

the ponds. Nutrients presen 
off cause nutrient enrichment horus. Algal 
Particularly with nitrogen an Re aie Water 
blooms cut off light for submerg is decrease 
quality is greatly affected ý = Decreased 
oxygen replenishment inside f the 
oxygen level is quiet harmful fo 

Pond. 

(b) Organic waste and other AP 
materials should not be d 
Domestic wastes Wit? 
treated before passin& 


or 


water. 
r aquatic life o 


of waste 


nto it. 
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eee of sewage and run off from fertilised 

SKS into water bodies causes nutrient enrichment 
particularly with nitrogen and phosphorus. 
Nutrients present in sewage and fertilisers cause 
dense growth of plants and planktonic algae. The 
algae use oxygen at night and may deoxygenate 
the water enough to kill the fish and other animals. 
The excess growth of planktonic algae that imparts 
a distinct colour to water bodies is called algal 
bloom. They are toxic to animals and humans. 
Algal blooms and floating plants-cut off light from 
submerged plants and the latter die. There is drastic 
decrease in oxygen replenishment inside water. It - 
causes organic loading of water and death of fish 
and other animals. The phenomenon responsible 
for this is eutrophication. 


31. Excessive. nutrients in a fresh water body 
cause fish mortality because of the following two 
reasons: 

(i) Excessive nutrients cause dense growth of 
floating plants and planktonic algae (algal bloom) 
which cut off light from submerged plants and the 
latter die. 

(ii) Increase in nutrients reduces dissolved 
oxygen and increases biochemical oxygen 
demand (BOD) of water body, leaving nothing for 
respiration of fish and therefore, they get killed. 
Algal blooms formed by some blue green algae are 
toxic to aquatic animals and humans. 


Influx of nutrients would increase the BOD 
level of water body, because more oxygen would 
be required by microorganisms to metabolise 


organic wastes. 


32. As BOD is higher at A in river, so it indicates 
high level of pollution at A. It might be due to fact 
that point of discharge of domestic sewage is located 
near A. Discharge of domestic sewage into a rivet 


will result in rise of BOD because decomposers 


consume a lot of oxygen for metabolising organic 


wastes. If sewage quantity is large, the whole 
of dissolved Oxygen may be consumed leaving 
nothing for respiration of fish and other clean 
water organisms and therefore, they get killed. As 
sewage is decomposed, towards B, there is gradual 
lved oxygen downstream. Fish and 
ter organisms reappear indicating 
from sewage pollution. 


rise in disso 
other clean wa 
recovery of river 
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33. The nutrient enrichment of water bodies 
near industrial area is due to passage of industrial 
effluents, sewage etc. This cause dense growth 
of planktonic algae that causes colouration of 
water called algal bloom. Excessive growth of it 
cut off light for submerged plants which kills the 
latter and causes organic loading. This leads to 
decreased oxygen level which eventually chokes 
the water body. 

34. Refer to answer 31. 

35. Refer to answer 30. 

36. When sewage containing organic waste is 
discharged into the river, the microorganisms 
consume a large amount of oxygen for the 
decomposition of organic matter, hence, there is 
a sharp decline in the dissolved oxygen content 
of water downstream from the point of sewage 
discharge. But after a short distance, when the 
quantity of organic matter is reduced, the demand 
of oxygen by the decomposers also reduce 
and there is gradual rise in dissolved oxygen 
downstream. 

37. It is difficult to get rid of ‘water-hyacinth 
from water body because eutrophic water bodies 
support excessive growth of water hyacinth, 
a floating plant, also called “Terror of Bengal? 
Abiotic and biotic components affected by 
spread of water hyacinth are light and submerged 
plants respectively, as its growth cuts off light for 
submerged plants. 


38. Due to the discharge of sewage into the 
river, the microorganisms present in the river get 
involved in biodegradation of organic matter of 
sewage, as a result a lot of oxygen is consumed. 
The peak ‘a’ shows a sharp rise in level of biological 
oxygen demand due to decline in dissolved 
oxygen downstream from the point of sewage 
discharge. The peak ‘b’ shows a gradual increase in 
the dissolved oxygen, as sewage gets decomposed 
and BOD level decreases. 


39. The population of birds with high DDT 
level will decrease. High concentration of DDT 
disturbs calcium metabolism in birds which 
causes thinning of egg shell and their premature 
breaking. This will eventually lead to decline in 
bird population. 


40. Algal bloom occurs due to presence of excess 
nutrients especially phosphates and nitrates in the 
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The growth of algal blooms wil] resy 


f oxygen level in the water ba 
d other aquatic animals and Plan, 


41. Urban sewage includes domestic Sew, 

(soaps, detergents, household — Feces, eg, 
and industrial effluents (toxic metals, chemical 
etc.) which flow into the river through sewers, j 
also includes animal wastes, dumping of wors 
materials, ashes of dead bodies, bathing i 


animals, etc. S 
Effects of sewage discharge 1n a river are : 


(i) Water becomes unfit for bathing and drinking 
and also for domestic or industrial use ag į 
becomes coloured, turbid with a lot of Particulate | 
matter floating on water. | | 
(ii) Domestic sewage primarily contains 
biodegradable organic matter which is rich in 
nitrates. and phosphates. These nitrates and 
phosphates encourage a thick bloom of planktonic 
algae that are toxic to humans and animals. Algal 
bloom also supports the growth of floating plants 
suchas water hyacinth that cut-off sunlight for 
submerged plants. This results in organic loading 
of the rivers causing, depletion of oxygen content 
of the water. This suffocates the fish and other 
aquatic life. Consequently, river become highly 
polluted. 
(iii) Domestic sewage can be decomposed by 
microorganisms in the presence of oxygen 
Biochemical oxygen demand (BOD) is the amount 
of oxygen required by the microorganisms in 
milligrams in five days to completely decompost 
the organic matter present in one litre of 
polluted water at 20°C. Higher the amount of 
“SGEN consumed, greater is the degree of 
Organic pollutants. So, the input of domestic 
sewage increases the BOD of the river because 
decomposing consume oxygen during aerob 
Hees the os of organic wastes. This intu 
re i : es oxygen in the river leat 
as fish which ie ber of aquatic animals j 
Hot water ; MIDS numerous food chains. _ 
a vari r 1s released by industries that contain’ 
e ia a Si and inorganic residues whic 
€ river water. 
2. DDT kee 


water body. 
in depletion ° 
killing fishes an 
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different livin PS on moving from water n 

and DDT On: components of the ecosys 
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or biological amplification. The flo 

: i i ' w chart showi 
biomagnification of DDT in an aquatic He 
is as follows : chain 


\ 


Fish-eating birds 
(DDT 25 ppm) 


Large fish 
(DDT 2 ppm) 


| 


Small fish 
(DDT 0.5 ppm) 


| 


Zooplanktons 
(DDT 0.04 ppm) 


l 


Phytoplanktons 
(0.003 ppm) 


| 


Water 
(DDT 0.003 ppb) 





43. Eutrophication is the natural ageing of a water 
body by nutrient enrichment of its water. The flow 
chart exhibiting the events of eutrophication 1n a 


lake are as follows : 


Young lake (water is coldand clear) 


Streams and agricultural run offs drains into the 
lake and introduce nutrients like N, P etc. 


eases due to added nutrients. 


Fertility of lake incr 
h of aquatic plant and animal 


Encourages growt 
life. 


e deposited at the bottom of 


Organic remains ar 
the lake. 


r and 
Over centuries, the lake becomes shallowe 
a 
j ‘ginal lake 
Marshy plants grow and fill in the origina 
basin. 


ses of floating plant. 


Large mas 
O land. 


Lake is converted int 
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44. (a) Discharge of domestic sewage into a river 
will result in rise of BOD because decomposers 
consume a lot of oxygen. If sewage quantity 
is large, then whole of dissolved oxygen will 
be consumed the leaving nothing for aquatic 
organisms. However, as sewage is decomposed, 
there will be gradual rise in dissolved oxygen 
downstream. 


(b) With depletion in level of dissolved oxygen, 
population of fresh water organisms would 
decline. But, as levels of dissolved oxygen would 
increase, fish and other aquatic organisms 
reappear indicating the recovery of river from 
sewage pollution. 


45. Accelerated / eutrophication is nutrient 
enrich-ment of water bodies due to human 
activities like passage of sewage, industrial 
effluents and»run off from fertilised fields rich 
in nitrates and phosphates. Nutrients present in 
sewage, agricultural wastes and fertilisers cause 
dense growth of plants and planktonic algae. They 
support/a good number of animals. The excess 
growth of planktonic algae that causes colouration 
of water is called algal bloom. They are toxic to 
animals and humans. In some cases eutrophic 
water bodies support excessive growth of floating 
plants e.g., water hyacinth (Eichhornia crassipes). 
Algal blooms and floating plants cut off light for 
submerged plants. The latter die. There is drastic 
decrease in oxygen replenishment inside water. It 
causes organic loading of water. Decreased oxygen 
level also kills aquatic animals, further adding 
to organic loading. Decomposition is replaced 
by putrefaction which is anaerobic. It produces 
secondary pollutants that kill the bloom forming 
plants as well and thus choking water bodies to 


death. 
46. (a) A-Planktonic algae, decomposers. 


B-Fish, other aquatic animals. 

(b) The growth of planktonic algae and 
decomposers is due to the presence of large 
amount of nutrients like nitrogen and phosphorus 


in water body. 

(c) The growth of planktonic algae (algal bloom) 

causes deterioration of water quality and fish 

mortality. The decomposers acting on the dead 
lants and animals (organic matter) consume a 

gen (increased BOD) and this further 


lot of oxy 
f fish and other aquatic animals. 


causes mortality O 
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47. Eutrophication is the natural ageing of a 
water body by nutrient enrichment of its water, for 
example in a young lake the water is cold and clear, 
supporting little life. With time, streams draining 
into the lake introduce nutrients such as nitrogen 
and phosphorus, which encourage the growth of 
aquatic organisms. As the lake’s fertility increases, 
plant and animal life burgeons and organic 
remains begin to be deposited at the lake bottom. 
Over the centuries, as silt and organic debris pile 
up, the lake grows shallower and warmer, with 
Wwarm-water organisms supplanting those that 
thrive in a cold environment. Marsh plants take 
root in the shallows and begin to fill in the original 
lake basin. Eventually, the lake gives way to large 
masses of floating plants (bog), finally converting 
into land. Depending on climate, size of the lake 
and other factors, the natural ageing of a lake may 
span thousands of years. However, pollutants 
from human activities like effluents from the 
industries and homes can radically accelerate 
the ageing process. This phenomenon has been 
called cultural or accelerated eutrophication. 
During the past century, lakes in many parts of 
the earth have been severely eutrophied by sewage 
and agricultural and industrial wastes. The prime 
contaminants are nitrates and phosphates, which 
act as plant nutrients. They overstimulate the 
growth of algae, causing unsightly scum and 
unpleasant odours, and robbing the water of 
dissolved oxygen vital to other aquatic life. 
48. Excessive nutrients cause dense growth of 
floating plants and planktonic algae (algal bloom) 
which cut off light for submerged plants. The 
latter die thereby causing organic loading which 
increases biochemical oxygen demand (BOD) 
of water and in turn reduces dissolved oxygen 
content of water. Decreased oxygen level kills 
many aquatic animals including fish. Algal bloom 
formed by some blue green algae are toxic to 
aquatic animals like fish etc. Eichhornia crassipes 
is the weed which grows in eutrophic lake. 


49. Biomagnification is continuous increase 
in concentration of insecticide and pesticide in 
successive trophic levels in a food chain. Regular 
DDT spray for a few years, resulted in drastic 
decline in the population of fish eating birds. 
There was 1000 times increase in concentration 
of DDT in phytoplankton as compared to water, 


Y 
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ared to phytoplankton, 
n a ces ~ comment to zooplankton and 
. poe in fish eating birds as compared to 
apnea D amounts of pesticide disturb calcium 
— I of birds resulting in thinning of ẹ 
rain and their premature breaking that kills the 
S 


— electronic wastes are generated 
A ir Hi liances. It includes broken 
from electronic app j 

mobile phones, televisions, irreparable computers, 
etc. Sources of e-wastes come from a vast area of 
our daily life as each and every field is dependent 
on electronic appliances. 

Two ways of disposal of e-wastes include - 

(i) incineration 

(ii) landfilling. 

51. Ahmed Khan of Bangalore came up with 
a remedy for efficient use of plastic waste. He 
developed polyblend, a fine powder of recycled 
modified plastic. This mixture is mixed with 
bitumen that is used to lay roads. In collaboration 
with R.V. College of Engineering and the 
Bangalore City Corporation, Ahmed Khan 
proved that blends of polyblend and bitumen, 
when used to lay roads, enhanced the bitumens 
water repellant properties, and helped to increase 
toad life by a factor of three. The raw material for 
creating polyblend is any plastic film waste. Using 
Khan’s technique, by the year 2002, more than 40 
kms of road in Bangalore has already been laid. 
At this rate, Khan will soon be running short of 
plastic waste in Bangalore, to produce polyblend. 
52. Refer to answer 5]. 
53. E-wastes are irre 


Parable computers, mobiles 
and other electroni 


C€ goods. Electronic wastes 
are generally sent to developing countries like 
India, China and Pakistan for extraction of metals 
thr ough recycling, E-waste should be disposed off 
in landfills or should be incinerated. Recycling 


is the only solution for the treatment of e-waste, 
Provided it js Carried 


Out in an environment 
friendly Manner. 


34. (a) Colourful i 
, olyst astic 
packaging used for teen and 7 


Protecting food to attract 
customers should be banned as these are non 
biodegradable and ist į for 

sie and Persist in the environment {0 
zee causes environmental pollution 
(b) Refer to answer 5] 
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55. (a) Mahatma Gandhi said : 


c S . . ; 
more important th Anitation is 


an Indepe » 
has a massive problem a ie Hrbas ipea 
than 72 percent of rural people in India n. ore 
to their natures call behind . 
or on roadsides. This has led ppo Es “ie 
roblems like untimely deaths of children F i 
of infections and diseases. Nearly 55 oi a 
population has no access to toilets. Even in sata 
where there are toilets in rural India there are a6 
running water facilities available. Slum dwellers in 
cities have no access to running water supply and 
also toilets. 
India will definitely be a clean country in coming 
years provided the government and the people 
participate in this Swachh Bharat Mission in a 
holistic manner. Swachh Bharat focusses on access 
to piped water, well-functioning drainage, sewage 
and solid waste management in all cities and 
villages, elimination of ponds in which stagnant 
water collects and serves as host to bacteria and 
mosquitoes. 
Initiation of “Swachh Bharat Abhiyan” is an 
essential step for our country. It is not only 
the government who can make it a success, but 
people's participation is of utmost importance. 


(b) Implementation of this movement is not an easy 
task. Volunteers have to face various problems such 
as: 

(i) It is very difficult to change the mindset of 
people, not to spit on.roads, stair case etc. 

(ii) Many people living even in good societies do 
have habit of keeping their garbage in open areas, 
which get spilled by animals (dogs, cats), thus 
polluting the colony. 
(c) These problems can be pager’ by 
implementing strict measures. (i) We can have 
committee of few members and whenever il 
spitting, throwing garbage On roads os We 
in open is spotted should be punished. ane 
should keep sweepers On monthly wag © 
regular cleaning of roads. 7 

56. (a) There is a need to organise vi pias 
because slum dwellers should be ade wet 
importance of hygienic condan osal sites. 
there should be prope! garbage 4 ortance 
Awareness should be spread pe i fresh 
of good health, and they should con® 


espond 
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food, keep their surrounding clean. Such visits 
are required because inspite of providing various 
facilities, they have very poor sanitation, for 
example, they defecate in open and use same 
source of water for washing, bathing, cleaning 
drinking etc. | 
(b) Various steps that should be undertaken for a 
healthy life of slum dwellers are: 

(i) There should be proper toilets and no 
defecation in open. 


(ii) Drains should be regularly cleaned to avoid 
stagnation of water and choking. 


(iii) Overcrowding should be avoided. 


(iv) Breeding grounds. of mosquitoes should be 
destroyed to check spread of diseases. 


57. Setting up ofindustries in residential localities 

without obtaining ‘No objection certificate, from 

municipal authorities should be discouraged 

as effluents from industries contain number of 
poisonous organic compounds and toxic heavy 

metals. like mercury, cadmium, copper etc. 

These chemicals enter into water bodies, and 

from water into all forms of life, leading to death 

of aquatic animals. These chemicals undergo 

biomagnification and affect human beings also, 

as they cause various disorders like mental 

retardation, skin cancer, leukaemia, nervous 

disorder etc. 

58. Spraying of DDT on vegetable crops should be 

banned because DDT is heavy metal and persistent 

pesticides passes into food chain and increases in 

amount per unit weight of organisms with the 

rise in trophic level due to their accumulation 

in fat. With agricultural run off, it enters into 

water body and harms aquatic life. Regular DDT 

few years, resulted in drastic decline 

in the population of fish eating birds. There was 

1000 times increase in concentration of DDT 

in phytoplankton as compared to water, in 
zooplankton as compared to phytoplankton, in 
different fish as compared to zooplankton and 
more DDT in fish eating birds as compared to 
fish. Higher amounts of pesticide disturb calcium 
metabolism of birds resulting in thinning of egg 
shells and their premature breaking that kills the 
embryos. Other disorders due to DDT can be 
cerebral haemorrhage, softening of brain, liver 
cirrhosis, hypertension and malfunctioning of sex 


spray for a 


hormones. 
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59. Refer to answer 58. 


60. Nuclear energy is not used for generating 


electricity because various radioactive pollutants 
damage white blood corpuscles, bone marrow, 
spleen, lymph nodes and may cause tumors, skin 
cancer, sterility etc. Even dairy animals may get 
highly contaminated by radioactive pollutants. 


61. Carbon dioxide, methane, chlorofluorocarbons 
and nitrous oxide. 


62. CO, - 60% warming effect 
CH, - 20% warming effect 


63. Snow-blindness is inflammation of cornea 
due to absorption of UV-B radiations. It occurs 
due to depletion of ozone layer which increases 
amount of UV-B radiations reaching the earth. 
64. (a) A - CO, (60%) 

B - CH, (20%) 

C - CFCs (14%) 

D - N,O (6%) 

(b) These four gases are called greenhouse gases, 
as these are transparent to solar radiations but 
retain and partially reflect back long wave heat 


radiations. These gases keep the earth warm and 
hospitable. 


65. Chlorofluorocarbons (CFGs) are greenhouse 
gases which contribute to 14% of global warming. 
CFCs cause ozone hole, Inthe stratosphere, 
chlorofluorocarbon is degraded in the presence of 
UV- radiation, releasing Cl atoms. Cl acts as catalyst 
in the degradation of ozone releasing molecular 
oxygen. 

66. ‘The main causes of global warming are : 

(i) Deforestation 

(ii) Increase in‘the use of CFCs 

(iii) Burning of fossil fuels 

(iv) Increase in the use of nitrogen fertilisers. 
Global warming is a warning to mankind because: 
(i) Rise in temperature is leading to increased 
melting of polar ice-caps as well as of other places 
"like the Himalayan snow caps. This will result in 
a rise in sea level that can submerge many coastal 
areas. 

(ii) Changes in the environment results in odd 
weather and climate changes, e.g., El Nino effect. 
(iii) Many tree species and others which are 
sensitive to temperature will die out resulting in 
conversion of forests into scrub vegetation. 
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Il temperature rise may increase cr 
(iv) Sma in temperate areas but highe, 


uctivl 1 l 
pa rise will be detrimental. 
em 


(a) El Nino effect can be described aS the 
67. (a of sea surface temperatures in the Pacig. 
ee the equator at irregular interya}, I 
Ocean SE ther patterns across the globe t 
s increasing the atmospheric temperature 
which results in global warming. This leads tO rise 
in sea level and thus causing the biodiversity losg 
due to floods and also drought at some places due 
to very high temperature. 


(b) Three measures to reduce environment, 
gages unleaded petrol and diesel with 
reduced sulphur content. 

(ii) By planting more trees. 

(iii) By using television and loudspeakers at low 
volume. 


68. Industrialised countries signed Montreal 
Protocol to limit the production of 


chlorofluorocarbons to half to reduce depletion of 
ozone layer. 


69. Good ozone is present in stratosphere. It is 
so called because it functions as shield for living 
organisms against strong harmful UV radiations 
from the sun. 

70. UV- 


B exposure on human eye causes 
inflamm 


ation of cornea and cataract. 
71. Dobson Unit (D.U). 


72. Thinning of ozone layer is due to various 
ozone depleting substances such as: 
(i) CFCs used 


refrigerators, 
(ii) Nitrogen oxides 
tetrachloride ett, 

stratosphere deplete 
73. The four benefi 


the use of CFCs are 
(i) It IS Major ozone deleting substance 5° 
its eliminatio 


n will lead to reduction in 0z0n 
depletion. 
(ii) Ith 
SO its e] 


in air conditioners and 


» Sulphur dioxide, carbon 
released by jets flying ™ 
S ozone. 


ts to human life by eliminating 


0 r 
as 14 % concentration in green house gas® 
IMination wil] reduce global warming. 


o Less incidents of cataract, skin cancer, et 

SA 0 ee Ozone depletion 
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74, Maximum ozone depletin 
is of chlorofluorocarbon due 
chlorine (CI,CIO) by it. A 
perched over atmospheric ice 
functional for a long time. A 
converts 1 lakh molecules of 


§ potential or ODP 
to release of active 
Ctive chlorine gets 
crystals and remains 
single chlorine atom 
Ozone into oxygen, 


UV-C 
CFC]; ————> CFCI, +C] 


UV-C 
CFC ———> CFC] + C] 
Cl +0, —> CIO +0, 
O+ O; —cl4 20; 


75. (a) Degradation of ozone will lead to higher 
mortality of young ones of animals, high number of 
mutations, inhibition of photosynthesis, decrease 
in the productivity of aquatic and terrestrial 
systems, global warming and disturbance in 
aquatic and terrestrial food chains. 

(b) It severely affects human health. Cornea 
absorbs UV-B radiations and becomes inflamed 
called “snow blindness” cataract. 


UV-B radiations can also damage skin Cells, 
cause ageing of skin and skin cancer, increased 
incidence of herpes and deficient functioning of 
immune system. 


76. (a) CFC - Chlorofluorocarbon 
(b) Refer to answer 74. 


77. (a) Depletion of ozone layer is due to reaction 
of ozone depleting substances (ODS) with ozone 
present in the stratosphere. The major ODS are 
chlorofluorocarbons (14% of total depletion), 
nitrogen oxides (3.5% depletion), sulphur dioxide, 
halon, carbon tetrachloride, methyl chloroform, 
chlorine, etc. Many of these are being released 
by jets flying in the stratosphere and rockets 
being fired into space. Maximum ozone depleting 
Potential or ODP is of chlorofluorocarbon (used 
in ACs and refrigerators) due to release of active 
chlorine (Cl, ClO) by it. Active chlorine gets 
Perched over atmospheric ice crystals and se 
functional for a long time. A single chlorine atom 
Converts 1 lakh molecules of ozone into oxygen. 


(b) Refer to answer 75 (b). 


78. Increase in concentration of B leads tO 
ases enhance greenhouse effect anc pom o 
global warming which has resulted in 


eenhouse 
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atmospheric temperature and due to this there 
will be melting of polar ice caps and mountain 
snow caps (e.g., Himalayan snow caps) which will 
raise sea level. The other effects of global warming 
include warming of troposphere accompanied by 
cooling of the upper strata of atmosphere. Cooling 
in the stratosphere will tend to increase the size of 
ozone holes which ultimately leads to ozone layer 
depletion. 

Ozone depletion contributes in the thinning of 
ozone layer which increases the UV radiations 
reaching the earth. UV radiations inhibit 
photosynthesis and decreased photosynthetic 
activity will increase CO, concentration of the 
atmosphere resulting in global warming. 


79. Ozone in stratosphere is formed by action of 
UV radiations on molecular oxygen. 


O, == 0, +[0] 


It is called good ozone as ozonosphere acts 
as shield against strong UV radiations. CFCs 
discharged in the lower part of the atmosphere 
move upward and reach stratosphere. In the 
stratosphere, UV radiations act on CFCs and 
release Cl atoms. Cl atoms act as catalyst and 
degrade the ozone into molecular oxygen. Since 
Cl atoms are not consumed, whatever CFCs are 
added to the stratosphere, they have a permanent 
and continuing effect on ozone levels which may 
result in ozone hole formation. 


80. (a) Refer to answer 79 and 77 (a). 
(b) Ozone depletion is a threat to mankind as it 
leads to thinning of ozone layer which results in 
the harmful UV radiations reaching the earth. 
The various effects of ozone depletion are : 

- UV radiations inhibit photosynthesis 
which results in high CO, concentration 
of the atmosphere resulting in global 
warming. Due to this there will be rise 
in temperature resulting in melting of 
glaciers which will raise sea level due to 
thermal expansion of sea water le 





ading to 
floods etc. 
- Cornea absorbs UV-B radiations and 
becomes inflamed calle 


d“snowblindness” 
cataract. It leads to diminishing of eye 


sight, photoburning and later Permanent 


damage to cornea that results in actual 
cataract. 
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— UV-B radiations damage skin cells, cause 
ageing of skin and skin cancer. 
There is increased incidence of herpes 


and deficient functioning of immune 
system. 


81. Loss of soil productivity by erosion of top 
soil results in the desert formation. Deserts 
are spreading in all continents, destroying the 
fertile land. Various human activities that cause 
desertification are: 

(i) Human establishment : Forest areas have been 
cleared for building more residential complexes 
and industrial townships for ever increasing 
human population. 

(ii) Overgrazing : The livestock graze in forest 
transpiring seedlings and cause soil compaction. 
This reduces water storing capacity and increases 
run off. 

(iii) Requirement of wood for timber and paper 
industry resulted in clearing of forest land which 
leads to soil erosion resulting in the desert 
formation. 


82. In Jhum cultivation, or slash and burn agricul- 
ture, the farmers cut down the trees of the forest 
and burn the plant remains. Ash is mixed with soil 
and crops are sown in the cleared land. The land is 
used for two-three years without manuring, which 
results in nutrient depletion, reduced moisture 
retention and increased soil erosion resulting in 
deforestation. 


83. Realising the importance of participation 


by local communities, the Government of 
India in 1980s has introduced concept of Joint 
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Forest Management (JEM) so as to work ir 
close association with the local communities 
for protecting and managing forests. For such 
cooperation, the communities in return py 
benefits of various forest products (e.g. fruits 
gum, rubber, medicine etc.). In this way, forest 
can be conserved in a sustainable manner. 


84. In India, 30% of the land was under forest 
cover at the beginning of the twentieth century 
However, it has been reduced to 19.4% by the year 
1999. National Forest Policy (1988) recommends 
an optimum 33%, forest area for the plains and 
at least 67% for the hills. However, at present, it 
is much less than the recommended optimum 
figures. 


85. The. consequences of deforestation are as 
follows: 


(i) Change in climate - Deforestation results 
in reduced rainfall, increased drought, hotter 
summers and colder winters. 


(ii) Soil erosion - Soil is exposed to insolation, 
dries up and gets eroded by wind and water. It 
is estimated that 6000 million tons of top soil is 


lost annually in India due to water erosion in the 
absence of forest cover. 


(iii) Drought - Deforestation negatively affects 
water cycle causing reduced precipitation. It 
increases the occurrence of drought. 


(iv) Loss of biodiversity and germplasm. 


(v) Global warming - Deforestation increases 
atmospheric CO, content by releasing carbon 


stored in organic matter and reduced primary 
productivity. 
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Practice Paper - 1 (Solved) 


Maximum Marks : 70 


Time Allowed : 3 hours 


GENERAL INSTRUCTIONS 
(i) All questions are compulsory. 


(ii) This question paper consists of four Sections A, B, C and D. Section A contains 5 questions of one 
mark each. Section B contains 7 questions of two marks each, Section C contains 12 questions of 


three marks each and Section D contains 3 questions of five marks each. 


(iii) There is no overall choice. However, an internal choice has been provided.in one question of 2 


marks, one question of 3 marks and all the three questions of 5 marks weightage. A student has 
to attempt only one of the alternatives in such questions. 


(iv) Wherever necessary, the diagrams drawn should be neat and properly labelled. 





Section-A genotypes of the parents? (You may represent | 


l. Pick out the monoecious plant from the dominant gene as E’). 


following. 8. Stanley Miller and Harold C. Urey performed | 
(a) Coccinia (b) Papaya an.experiment by recreating in the laboratory, i 
(c) Cucumber (d) Date palm the probable conditions of the atmosphere of i 
2. The given figure shows three different points the primitive earth. i 
A, Band C ona DNA strand. (a) What was the purpose of the experiment: 
A B C 


(b) In which form was the energy supplied to: .. 


, I l $ 
5- ACTGGCTTGAATTC AGCT CAG 3 chemical reactions to occur? 


3- TGACC GAA CT T AAG T CGAGT C5’ (c) For how long was the experiment run | 
— “7a aw tinuously? | 
Which of them can bea probable site of action nitir ai i | 
of restriction enzymes and why? (d) Which gases were used during the experiment | 
3. How do vifus infected cells provide innate to simulate the primitive atmosphere? | 
immunity to healthy A 9. Write me form of SOID and mention the | 
l se j 
4. Suggest any two techniques which can help cause o | is congenital disorder. Mention | 
in early detection of bacteri al/viral infections, any one difference between SCID and AIDS. | 
much before the symptoms appear in the OR | 
body. Why does our body temperature rise when | 
5. How much time is taken by a primary we have any infection? How does moderate | 
succession to complete? fever help in body defence? | | 
Section-B 10. State the differences between primary | 
6. What is colostrum? How is milk production succession and secondary succession. f 
ai les? 11. The DNA ; . N 
regulated by hormones 1n human fema Gia ap in human beings has 
l ‘ 
7. In acertain mammal, erect ears are ee ees oroe \ ihi pan as ie 
en the withi í 
over drooping ears. In a cross betwe ced reasons n the nucleus, Give 
two types, out of the four offsprings produce i 


in F, generation, three had erect ears, and 12. How eating habits of Da 


rwins Fi : 
one had drooping ears. What will be the Wins Finches 


illustrate adaptive radiation? 


A 
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Section-C 


13. (a) Draw a neat and labelled diagram of a 
fertilised embryo sac. 


(b) Describe briefly the type of fertilisation found 
only in angiosperms. 


14. Refer to the given figure and answer the 
following questions. 





(a) What does the given figure show? 


(b) Which of the labelled structures is a pre-birth 
structure and is not formed thereafter? 


(c) Which of the labelled structures responds to 
LH surge by rupturing? 


15. Study the given pedigree chart and answer 
the questions that follow. 








ITI 


(a) Is the trait recessive or dominant? 

(b) Is the trait sex-linked or autosomal? 

(c) Give the genotypes of the parents in 
generation I and of their second and third 
child in generation JI. 

16. Study the mRNA segment given below which 
is to be translated into a polypeptide chain. 

b 
pst 


naam UACGAG AGAUUU 


(a) Identify the codons represented by ‘a’ and ‘b. 
(b) What do they code for? 


(c) How is a peptide bond formed between the 
amino acids on the ribosome? 
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17. (a) Howcan the Hardy-Weinberg expression 
be used to identify if a population is evolving? 
(b) List any two factors that can disturb the 
genetic equilibrium. 
OR 


The population of light coloured peppered 
moth Biston betularia was almost replaced 
by the black variety during the industria] 
revolution in England. Explain the 
mechanism involved. 

18. (a) Name the property that enables the 
explants to regenerate into a new plant. 


(b) A banana herb is virus-infected. Describe the 
method that will help in obtaining healthy 
banana plants from this diseased plant. 


19..(a) How is activated sludge produced during 
sewage treatment? 

(b) Explain how this sludge is used in biogas 
production. 


20. ‘The given diagram is of an E.coli cloning 
vector. 





(a) Identify the selectable markers among (a) - 
(d) in it. 


(b) Howis the coding sequence of B-galactosidase 
considered a better marker than the ones 
identified by you in the diagram? Explain, 
giving reason. 


21. What are bioreactors? 


List five growth 
conditions th 


at a bioreactor provides for 


obtaining the desired product. 


a boon to biotechnology’ Justify 
g the production of 
an example. 


n figure shows the different types of 
age pyramids for human population. 


22. “Plasmids are 


this statement quotin 
human insulin as 


23. ‘The give 
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(a) What does the parts % y and ‘7? 
represent? 


(b) Which type of population is represented in 
pyramids A, B and C? 


(c) Name the type of age pyramid in which the 
number of pre-reproductive and reproductive 
individuals are almost same. 


24. (a) What is net primary productivity of an 
ecosystem? 


(b) Why do temperate regions show a lower 


value of primary productivity as compared to 
tropical regions? Give two reasons. 


Section-D 
25. Study the graph given below and answer the 


questions that follow : 


X Y 


Pituitary 
Hormone levels 


— 


3 5 7 9 1113 1517 19 21 23 25 27 29/1 


Days —> 
Menstrual cycle 


(a) Name the hormones ‘X’ and ‘Y’. 

(b) Identify the ovarian phases during a 
menstrual cycle: 
(i) 5™ day to 12" day 
(ii) 14" day 
(iii) 16° day to 25° day 

(c) Explain the ovarian events (i), (ii) and (iii) 
under the influence of hormones X’ and “Y. 

OR 


(a) Give a diagrammatic representation of 
spermatogenesis in humans. 


EEPE IAR a 3 aaeain 


(c) Cucumber 


2. Restriction enzymes act within palindromic 
Sequences. In the given DNA strand, point 
B Shows a palindromic aa Thüs, it 
can be a probable site of restriction enzyme 
action. 

3, 


Virus infected cells produce antiviral perar 
called interferons, which on reaching 





5. Primary succession takes 
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(b) At which stage of life, does gametogenesis 
begin in human male and female? 


(c) Name the organs where gametogenesis 


gets completed in human male and female 
respectively. 


26. Define the term ‘biofertiliser. How does each 
of the following serve as a biofertiliser? 


(i) Azospirillum (ii) Endomycorrhiza 


(iii) Rhizobium (iv) Azolla 
OR 

(a) Mention any 3 useful applications of 
Lactobacillus. 

(b) Name the microbes from which cyclosporin 
A (an immunosuppressive drug) and statins 
(blood cholesterol lowering agents) are 
obtained. 

27. (a) Explain BOD. 

(b) 


Ata particular segment of a river near a sugar 
factory, the BOD is much higher than the 
normal level. What is it indicative of? What 
will happen to the living organisms in this 
part of the river? 

(c) Under what conditions will the BOD be 
lowered in the river? How will it affect the 
aquatic life? 

OR 


What is meant by ozone shield? Name two 
gases that can cause damage to this shield. 
Give one harmful effect of this damage each 
on plants and animals. 


(a 


ll 


(b) Why is global warming a warning to 
mankind? 





nearby infected cells, make them resistant 


to viral infection. Thus, they provide innate 
immunity. 


4. (i) PCR 


(ii) ELISA 


avery long time for 


completion i.e., from 1000 years to several 


thousand years, 
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6. The milk produced by mother during 
the initial few days of lactation is called 
colostrum, which contains several antibodies 
(primarily IgA) absolutely essential to 
develop passive immunity in the new-born 
babies. 

Secretion and storage of milk generally begins 
after the birth of young one, usually within 
24 hours, under the influence of hormone 
prolactin (PRL), secreted by anterior lobe of 
the pituitary gland. 

However, the ejection of milk is stimulated 
by the hormone oxytocin (OT), released 
from the posterior lobe of the pituitary 
gland. Secretion of PRL and OT depends on 
suckling stimuli produced by nursing infant 
on nipples. 


7. According to the data given, the F, progeny 
shows a typical Mendelian monohybrid 
phenotypic ratio of the dominant and 
recessive phenotypes i.e., 3 : 1. It indicates 
that both the parents are homozygotes, one 
for dominant trait and the other for recessive 
trait. Thus, the genotypes ofthe parents 
will be EE and ee. The cross between the 
hybrid parents produced in F, generation, 
which resulted in three offsprings with erect 
ears, and one with drooping,ears can be 
represented as follows: 


Parents Erect ears x Drooping ears 
EE ee 
Gametes 
Generation Ee 
Fy (Erect ears) 
Selfing 






F, Generation 


Y 

X) E | e | 
Erect ears Erect ears 

e| eect 
Erect ears |Drooping ears 


Erect ears : Drooping ears 
a3 I 

(a) The purpose of the Urey and Miller's 
experiment was to prove that life has 
originated spontaneously from non living 
matter i.e. to provide experimental evidence 
for the theory of abiogenesis or chemical 
evolution. 






Ng 
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was supplied in the form of electrica 


Ener 
(b) Ene nl from electrodes at 800°C, 


dischar 
(c) The experiment was run continuously for , 


week. 

(d) The gases used during experiment to simulate 
the primitive atmosphere were methane 
ammonia, hydrogen and water vapour, 


9. SCID is Severe Combined Immuno deficiency 

It is a congenital disease caused due to absence 
of T and B-lymphocytes, two types of white 
cells necessary for fighting infections, since 
birth. 
It differs from AIDS in the respect that 
in AIDS, T-helper cells which stimulate 
antibody production by B-cells are reduced, 
due to viral attack while in SCID, both T and 
B-cells are absent i.e., individuals are born 
without these cells. 


OR 


Due to infection, our body temperature 
rises, as a result of release of certain 
chemicals called endogeneous pyrogens 
from damaged tissues, and the cells involved 
in inflammation. When enough pyrogen 
reaches the brain, the body’s thermostat 
is reset to a higher temperature, allowing 
the temperature of the entire body to rise. 
Mild strengthens the defence 
mechanism by activating the phagocytes, 
and by inhibiting the growth of microbes. A 
very high temperature, however, may prove 
dangerous. It must be quickly brought dow? | 
by giving antipyretics or fever reducing 


drugs e.g. aspirin and by applying cold 
packs. 


fever 


10. 


Differences between primary and secondary 
succession are given in the following table 
Primary 


succession 
It occurs in an 


area which has 
been bare from 








Secondary successio” 



















Secondary succession 
occurs in an area 
which has been 
denuded recentl 
Soil is present in the 
area where secondary 
-succession begins. 






\ { 
2 , 





when Primary 
_|Succession starts 


| 
| 
À 
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(AO eene 


Reproductive - 
structures of the 
Previous occupants are 
Present in the area. 


3, | Reproductive 
structures of 
any previous 
community are 
absent. 
4, | Pioneer 




























Pioneer community 







community develops partly from 
comes from Propagules of previous 
outside. 


Occupants and partly 
from migrants. 


5, | Seral communities | Seral communities are 
are many. a few. 


11. There is a set of positively charged, basic 
proteins called histones (rich in the basic 
amino acid residues lysines and arginines) 
used for DNA packing. The histone proteins 
are of 5 types (H,, H,A, H,B, H;, Hy). 
Four of them (except H,) occur in pair to 
produce octamer or core particle. The DNA 
wrap around this octamer by 1S turns and 





are plugged by H, protein. This is called 
nucleosome. A typical nucleosome contains 
approximately 200 bp of DNA. Nucleosomes 
constitute the repeating unit of a structure in 
nucleus called chromatin. The nucleosomes 
in chromatin are seen as “beads-on-string 
structure when viewed under electron 
microscope. The beads-on-string structure 
in chromatin is packaged to form chromatin 
fibres that are further coiled and condensed 
at metaphase stage of cell division to form 
chromosomes. The packaging of chromatin 
at higher level requires additional set of 
proteins called non-histone chromosomal 


proteins. 

12. Process of evolution of different species in 
al area starting from a 
point and literally radiating to other areas 
of geography (habitats) is called adaptive 
radiation. Darwins finches represent one 
of the best example of this phenomenon, : 
many varieties of finches were observed to e 
present in the same island. All the janisa 
evolved on the island itself from the origina 
seed-eating finches that lead to — 
modifications in the finches according 

their food habits. This evolution in finches 


a given geographic 


13. 


(b) 


14. 


(b) 


(c) 
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enabled the birds to become insectivorous, 
vegetarian, wood pecking, ground feeding 
etc. 


(a) The diagram of a fertilised embryo sac is 
drawn as follows: 


Micropylar end 


Degenerating 







Primary endosperm 
nucleus (3n) (PEN) 
Primary endosperm 
cell (PEC) 


Degenerating 
antipodal cells 


Chalazal end 


Double fertilisation is found only in 
angiosperms. It is the fusion of two male 
gametes, brought by a pollen tube, with 
two different cells of the same female 
gametophyte, in order to produce two 
different structures. One male gamete 
fuses with the egg, resulting in a diploid 
zygote. This is called syngamy or generative 
fertilisation. The second male gamete 
fuses with two haploid polar nuclei (or 
the diploid secondary nucleus), resulting 
in a triploid primary endosperm nucleus. 
This is called triple fusion or vegetative 
fertilisation. 

(a) The given figure shows the sectional view 
of the human ovary. 


The structure labelled A i.e., primary follicle 
is a pre-birth structure of a female individual. 
Oogenesis starts during embryo development 
where millions of oogonia are formed whose 
development arrests at primary follicle stage. 
No more oogonia, thus no more primary 
follicles, are formed after birth. 


The structure labelled C is called Graafian 
follicle. It responds to LH surge by rupturing 
and releasing the secondary oocyte, resulting 
in ovulation. 








15. 


(b) 


(c) 


l6. 


(b) 





When frequency measured. diim ta 






(a) Both of the parents in anon | do 

NOL express the trait. yet aia in the expected ye cg Pin, 
Progeny. lit indicates that the trait in question the extent and uon O Cuun, 
is a recessive trait which was present in change. Disturbance un ee Cquilidry, 
heterozygous parents and is expressed in or hardy- Weinberg CVU TUT, Le. Rang 
the progeny which is homorvgous for the of frequency of aldeles in a population moyi 
trait. then be interpreted ay resulting in eroki 
It is an autosomal trait. If it has been a sex (b) The majos Eas tot known to afier Hard 
linked trait (eather X linked ar Y linked) then Weinberg equilibrium are as follows . 
the father in Rene ators I. mut cupres the (i) Gene migratie fow and ive, 
trait as it has only one chromosome of cach drift 

type (X and Y) and thus recessive genes on tu) Muta Ca u 









t 
both the chromosomes mut be cipresed , 
Gencration | => Aa and Aa 
Generation II — Second child - aa Natufal is the process by whid 
Third child - Aa ' 7 ns that are best suited b 


vironment survive and reproduce 
he mos striking example, whid 
ates the action of natural selection g 
case of peppered moth, Piston hetularia 
Commonly found in parts of England. Tre 
types of moths, white winged maths and 
dark winged of melanised moths occur i 
nature. Due to industrial amoke and soat 
the pale tree trunks became more and mort 
blackened. As a result, the light coloured 
moth variety stood oul in contrast to ® 
background, increasing the possibility d 
being easily detected and eaten by bet 
predators, such as birds, in much gree 
number than the dark melanic varie? 
In course of time, there was a gf 
decrease in the number of light ¢ 
moths and increase in the number of 
coloured, melanic variety. Also, evoluis 
favoured the melanic moths to 

more successfully due to adaptation in ™ 
polluted areas of England. This evolutio® 
dark, melanic variety of moths, in resp” 


to industrial pollution is known as indust” 
melanism. 


(a) ‘a represents start codon AUG 


'b may represent any of the sop codons 
ién UVAMUAG/UGA 


AUG codes for methionine and it ts th 


alleles in a population) remains a constant. 
This is called genetic equilibrium. 
According to this principle, sum total of 
all the allelic frequencies is l. In a diploid 
organism, the frequency of allele A and allele 
a is represented as p and 4 respectively. 

The frequency of AA individuals in a 


population ic. the probability that an allele 18. (a) The property to generate a whole pus 


A with frequency of p appears on both the from any cell/explant is called rotipore™™ 
chromosomes of a diploid individual is (b) In case of asexually reproducing crops 
simply the product of the probabilities, 1€.. banana, virus infections onini 
p`. Similarly, frequency of aa is q. of m is because the vegetative propagules | 
is 2pq. Hence, p° + 2pq + 4 =,1- This is the virus-infected plants patil virus pasts! 


binomial expression of (p + q)”. But the shoot apical meristems and ” 
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young tissues surrounding them are often free 
from viruses. Meristem culture, therefore 
is often useful in recovering virus-free 
plants from virus-infected plants or clones. 
Meristem culture involves the development 
of an already existing shoot meristem and 
later on the regeneration of adventitious 
roots from the developed shoots. 

The explants commonly used in meristem 
culture are shoot tips and nodal segments. 
These explants are cultured on a medium 
containing a cytokinin (generally BAP). 
The plantlets thus obtained are subjected to 
hardening and, ultimately, established in the 
field. 


_ (a) During secondary treatment, the effluent 


from primary treatment is passed into 
large aeration tanks, where it is agitated 
mechanically and air is pumped into it. This 
allows vigorous growth of useful aerobic 
microbes. The aerobic microbes consisting 
of micro-algae (Chlorella pyrenoidosa), 
micro-fungi, bacteria and protozoa, grow 
into “flocs”, and consume a major part of 
organic matter, so that the BOD of sewage is 
reduced. Now, the effluent is passed through 
a sedimentation tank, where microbial flocs 
are allowed to settle down. The settled 
material is called ‘activated sludge. 


A small part of the activated sludge obtained 
in settling tanks is pumped, back into the 
aeration tank, to serve as the inoculum. 
The remaining major part of the activated 
sludge is pumped into large tanks called 
anaerobic sludge, digesters. The anaerobic 
bacteria digest the organic mass, bacteria 
and fungi in the sludge. During the process, 
they produce mixture of gases like, methane, 
hydrogen sulphide and CO), which constitute 
biogas. : 
(a) a = Ampicillin resistance gene (amp ), 
d = Tetracycline resistance gene (tet J: 
The markers in pBR322 vector are antibiotic 
resistance genes. Selection of recombinants 
due to inactivation of antibiotics is a 
cumbersome procedure because it requires 
simultaneous plating on two plates having 
different antibiotics. 


21. 


22. 
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Therefore, alternative selectable markers have 
been developed, like the coding sequence for 
B-galactosidase. B-galactosidase metabolises 
a chromogenic substrate X gal to produce a 
blue coloured precipitate which gives blue 
colour to colonies. Cells containing a vector 
carrying f-glactosidase coding sequence 
without DNA insert give blue colonies 
while cells containing vectors with a DNA 
insert within the B—galactosidase coding 
sequence produce white coloured colonies 
and thus these colonies are easily identified 
as recombinant colonies. This is because, 
when a recombinant DNA is inserted 
within the coding sequence of the enzyme 
f-galactosidase, it results in inactivation 
of the enzyme, which’ is referred to as 
insertional inactivation. 


A bioreactor is a device, in which a substrate 
of low economic value is utilised by living 
cells.or enzymes to generate a product of 
higher economic value. Bioreactors can be 
regarded as large sized vessels, in which 
large volumes, 100 to 1000 litres, of raw 
materials, in culture medium, are biologically 
converted into specific products, individual 
enzymes etc. using microbial, plant, animal 
or human cells. A bioreactor provides the 
optimal growth conditions. 


Growth conditions that a bioreactor provides 
for obtaining the desired products are : 
(i) Controlled environment for optimum 
product yield 
(ii) Aseptic fermentation for a number of 
days and prevention of escape of viable cells 
(iii) Adequate mixing and aeration for 
optimum growth and production, 
without damaging the micro-organism 
(iv) Easy and dependable temperature control 
(v) Facility of sampling 
Plasmids are autonomously replicating 
circular extra-chromosomal double stranded 
DNA. They are capable of replicating within 
bacterial cells, independent of the control 
of the chromosomal DNA. The plasmid 
molecules may vary from 1-2 copies per 
cell to 15-100 copies per cell and even 
higher than this. If an alien or foreign 
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23. 


(b) 


(c) 


24. 


(b) 


Ooo M 


DNA is linked with the plasmid DNA, we 
can multiply its number equal to the copy 
number of the plasmid. This principle was 
used by Eli Lilly, an American company, to 
prepare human insulin. 

In 1983, Eli Lilly, first prepared two DNA 
sequences corresponding to A and B chains 
of human insulin and introduced them 
in plasmids of E.coli to produce insulin 
chains. The chains, A and B, were produced 
separately, extracted and combined by 
creating disulfide bonds to form human 
insulin (sold under trade name of humulin). 


(a) X - Post reproductive stage 

Y - Reproductive stage 

Z — Pre-reproductive stage 

A - Expanding population 

B - Stable population 

C - Declining population 
Bell shaped age pyramid (Pyramid ‘B’ in 
the figure.) 
(a) Net primary productivity (NPP) refers to 
the biomass available for the consumption 
to heterotrophs (herbivores, carnivores and 
decomposers). It is equal to the gross primary 
productivity (GPP) minus respiration 
losses (R). 


NPP GPP- R 
The annual net primary productivity of the 
whole biosphere is approximately 170 billion 
tons (dry weight) of organic matter, 


The two reasons for less primary productivity 
(PP) in temperate regions are : 


(i) Temperate regions receive less amount 
of sunlight, due to which photosynthesis 
is low. Hence PP, is less in temperate 
regions (8 t ha year), compared to 
tropics (20 t ha” year), 


(ii) Temperate regions have cold climate, that 
severely limits the PP. 


25. (a) X - Luteinising hormone (LH) 


(b) 


Y - Follicle stimulating hormone (FSH) 
(i) Proliferative phase 
(ii) Ovulatory phase 
(iii) Luteal phase 


(c) 


(a) 


Multiplication Spermatogonium (E BY 
phase (2n) 


Maturation 
phase 


Spermiogenesis 


(b) 


26. 


Growth Primary m 
phase spermatocyte KK) 


A m 
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During follicular phase (i), FSH stimulate, 
the ovarian follicle to secrete Oestrogen 
Oestrogen stimulates the proliferation of 
the endometrium of the uterine wall. 
During ovulatory phase (ii), both LH and 
FSH attain a peak level. Rapid secretion of 
LH induces rupturing of Graafian follicle 
and thereby the release of ovum. 
During luteal phase (iii), LH causes the 
remaining cells of the ovarian follicles to 
develop corpus luteum. 

OR 


Stages in the process of spermatogenesis in 
man can be illustrated as follows: 


Mitosis CR aD 


Additional spermatogonia 
(2n) 


(2n) / 
Secondary 
spermatocytes Y`) 
in) Z \ Meiosis II 


Spern "> > D 


) 
aao : , } t 
(sperms) 
Gametogenesis occurs at puberty in the 
human male. In the female, it begins before 


birth but arrests at the primary follicle stage. 


Further development of gametes resumes at 
puberty. 


N Meiosis | 


In human male, sametogenesis is completed 
in human testes, while in a human female, 
it is completed in the Fallopian tube. 


Biofertilisers are microorganisms which 
bring about nutrient enrichment of soil 
by enhancing the availability of nutrients 
like nitrogen (N) and phosphorus (P) to 
crops. The Microorganisms which act 2% 
P are bacteria, cyanobacteria 
n P areen algae) and mycorrhizal fungi. 
Zospirillum bacteria live in close contaci 

with the roots of cereals like maize and 
Brazilian Srasses and fix nitrogen. Some 


of th 
ey fixed Nitrogen is absorbed by the 


yy 


a a 





practice Paper - 1 


(a) 


(ii) Endomycorrhizae 


) stimula 

absorption of phosphorus, ad en 
other elements by roots, They enhance 
nodulation in legumes and secre k 
antimicrobial substances to protect a 
plants from pathogen attack. 


(iii) Rhizobium is one of the most important 


symbiotic nitrogen fixing bacteria. It 
forms nodules on the roots of legume 


plants and provides plant with usable 
nitrogen. 


(iv) Azolla pinnata a small free floating fresh 


water fern, harbours a symbiotic blue 
green algae, Anabaena azollae in the leaf 
cavities which fixes nitrogen. A part of the 
fixed nitrogen is excreted in the cavities 
and becomes available to the fern. The 
decaying fern plants release the same for 
utilisation of the rice plants. When field 
is dried at the time of harvesting, the fern 
functions as the green manure, being 
decomposed and thus enriching the field 
for the next crop. 


OR 


Lactobacillus converts lactose sugat of 
milk into lactic acids Lactic acid causes 
coagulation of milk protein, casein. This 
property of Lactobacillus has following useful 


applications: 


(i) 


(ii) 


(iii) Cheese CO 


Indian.curd is prepared by inoculating 
cream and skimmed milk with 
Lactobacillus acidophilus at a temperature 
of about 40°C or less. 

Yoghurtis produced by curdling milk with 
the help of Streptococcus thermophilus 
and Lactobacillus bulgaricus. It has a 
flavour of lactic acid and acetaldehyde. 
It is often sweetened and flavoured with 


fruit. 
nsists of milk curd separated 


t. In preparation of raw 


à id ar 
from liquid P dled with the help of 


cheese, milk is cur 
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(b) Cyclosporin A (an immunosuppressive 


27. 


(b) 


(c) 


(a) 


(b) 


drug) is obtained from fungus Trichoderma 
polysporum while statins (blood cholesterol 
lowering agents) are obtained from yeast 
Monascus purpureus. 


(a) BOD stands for Biochemical Oxygen 
Demand. BOD is a measure of oxygen 
required by aerobic decomposers for the 
biochemical degradation of organic remains 
of a unit mass. Higher the BOD, lower would 
be the dissolved oxygen. 


A higher BOD indicates that the particular 
segment of the river is highly polluted. As 
a result, there will be sharp decline in the 
dissolved oxygen content in this part. It 
will result in mortality of fishes and other 
aquatic organisms. 
When the amount of organic matter in the 
river will decrease, BOD will decrease too. 
Asa result, aquatic life will start flourishing. 
OR 
Ozone shield is the region of stratosphere, 
where ozone is present in high concentration. 
It is called ozone shield because it protects 
the living beings from harmful effects of 
ultraviolet radiations. The two gases that 
can cause damage to ozone shield are 
chlorofluorocarbons (CFCs) and methane 
(CH,). Damage to ozone shield results in 
impairment of photosynthetic machinery 
in plants and skin cancer in humans. 
Global warming is a warning to mankind 
because: 
(i) Rise in temperature is leading to increased 
melting of polar ice-caps as well as of other 


places like the Himalayan snow caps. This 
will result in a rise in sea level that can 


submerge many coastal areas. 


(ii) Changes in the environment result in 
odd weather and climate changes, e.g., El 
Nino effect. 


lactic acid bacteria. 
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Time Allowed : 3 hours Maximum Markg :7 






GENERAL INSTRUCTIONS 





(i) All questions are compulsory. . . 

(ii) This question Paper consists of four Sections A, B, C and D. Section A contains 5 questions of One 
mark each. Section B contains 7 questions of two marks each, Section C contains 12 questions of 
three marks each and Section D contains 3 questions of five marks each. | 

(iii) There is no overall choice. However, an internal choice has been provided in one question of 2 
marks, one question of 3 marks and all the three questions of 5 marks weightage. A student has 
to attempt only one of the alternatives in such questions. 

(iv) Wherever necessary, the diagrams drawn should be neat and properly labelled. 














Section-A 8. A non-haemophilic couple gave birth to 
l. How is the entry of only one sperm, and a “haemophilic pone (boy). ‘The ae 
not many, ensured into an ovum, during was informed by their doctor that there is 
fertilisation in humans? possibility of another haemophilic child 
being born to them. Explain the basis on 
2. Name one autosomal dominant and one _ l 
, , which the doctor conveyed this information. 
autosomal recessive Mendelian disorđeñ>in l 
eee Give the genotypes and the phenotypes of all 
a | B the possible children who could be born to 
3. Why is hnRNA required to undergo splicing? fice, 


4. What is tissue-typing in organ transplantation 9. Name the resistant varieties developed and 


in humans? the insects to which these are resistant in case 
5. Why is it desirable to use unleaded petrol in of the following plants: 
vehicles, fitted with catalytic converters ? (i) Flat bean (ii) Okra 


Section-B 10. (a) How is ‘Rosie’ considered different froma 


ie ae. d normal cow? 
6. Fertilisation is essential for production of 


b) Biote i 
seed, but in some angiosperms, seeds develop (b) chnologists refer to Agrobacterium 
without fertilisation tumefaciens as a natural genetic engineer of 
plants. Give reasons to support the statement. 


11. Fig trees, during the flowering season, are 
frequently visited by certain species of wasps. 


What is the relationship between them and 
what is the result? 


12. Define the term 


~ 
pad) 
w 


Give an example of an angiosperm that 
produces seeds without fertilisation. Name 
the process. 


(b) Describe two ways by which seeds develop 
without fertilisation. 


genetic diversity and give its 


7. (a) Both tapeworm and earthworm are Significance in a population 


hermaphrodite. How do they differ from aie 
each other with reference to fertilisation? _. e ection-C 
- lrace the development of megaspore mother 


cell up to the formation of a mature embryo- 
Sacina flowering plant. 


OR 14. Study the flow chart 
Mention two strategies evolved in flowering hormones invo] 


plants to prevent self-pollination. their functions. 


(b) Mention the site where syngamy occurs in 
amphibians and reptiles respectively. 


given below. Name the 
ved at each stage and explain 
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Hypothalamus 
Pituitary 
Ovary 
y 
Pregnancy 


15. In a large population, only a person in 10,000 
is albino. What will be the frequency of 
carriers of albinism in the population? 
OR 
‘Sting of honey bee and scorpion are 
analogous structures: Justify. 


16.(a) Why is DNA molecule a more stable 
genetic material than RNA? 


3) cc 


, degenerate” and “universal” 
are some of the salient features of genetic 
code. Explain what they mean? 


(b) “Unambiguous 


17. How does industrial melanism explain the 
Darwin's theory of natural selection? 

18.(a)Anthropogenic actions have caused 
evolution of species. Explain with the help of 
two examples. 

(b) Differentiate 
convergent evolution. 


between divergent and 
19.(a) Name the infective stage of Plasmodium 
which Anopheles mosquito takes in along 
with the blood meal from an infected human. 


(b) Why does the infection cause fever in human? 


(c) Give a diagrammatic representation of the 
part of life cycle of this parasite passed in the 
Insect. 

20. Explain the types of fish breeding. 

21.(a) How is mature insulin different from 
proinsulin secreted by pancreas in humans? 

(b) Explain how is human functional insulin 
produced using rDNA technology. 

(c) Why is the functional insulin thus produced, 
considered better than the ones used earlier 
by diabetic patients? 

22. (a) Explain giving reasons why the tourists 
Visiting Rohtang Pass or Mansarovar are 
advised to resume normal ‘active life’ only 

after a few days of reaching there? 
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(b) It is impossible to find small animals in the 
polar regions. Give reasons. 


23 (a) Differentiate between in situ conservation 
and ex situ conservation? 

(b) Mention some measures for control of solid 
wastes. 


24. On seeing the bad state of roads in your 
locality, you have recommended to the 
Municipal Corporation to use polyblend. 

(a) What is polyblend? Point out its raw material. 

(b) How will it be advantageous? 

Section-D 

25. Describe the post-zygotic events leading 

to implantation and placenta formation 


in humans. Mention any two functions of 
placenta. 


OR 


Describe the events of oogenesis with the 
help of a schematic representation. 


26. (a) What is plant breeding? 
(b) How has the mutation breeding helped in 


improving crop varieties? Give one example 
where this technique has helped. 


(c) How has the breeding programme helped in 
improving the public nutritional health? State 
two examples in support of your answer. 


OR 


(a) Differentiate between farmyard manure, 
biofertilisers and green manure. 


(b) How is green manure prepared? 
27.(a) Describe the characteristics of a cloning 
vector. 
(b) How is a bacterial cell made ‘competent’ to 
take up recombinant DNA from the medium? 
OR 


(a) Name the source of Taq polymerase. Explain 
the advantage of its use in biotechnology, 


(b) Expand ADA. Why is it essential in the 


human body? Suggest a gene therapy for its 
deficiency. 
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1. Binding of the sperm to the egg induces 
depolarisation of the egg plasma membrane. 
Depolarisation causes fast block to 
polyspermy, that checks additional sperms 
from fusing with the egg’s plasma membrane. 
Immediately after the fusion of sperm and egg 
plasma membrane, the egg shows a cortical 
reaction to further check the entry of more 
sperms. The cortical reaction functions as 
the sure block to polyspermy. 


OLR A AN Ae eee y Se EY as 


NY 


Huntingtons disease is an autosomal 
dominant and Gaucher’s disease is an 
autosomal recessive Mendelian disorder. 


3. hnRNA undergoes splicing in order to 
remove introns which are intervening or 
non-coding sequences, and exons are joined 
to form functional mRNA. 


4. Tissue typing is determination of the HLA 
(human leucocyte antigen) profiles of tissues 
to assess their compatibility. It is the most 
important predictor of success or failure of 
a transplant operation. 

5. It is desirable to use unleaded petrol in the 
automobiles fitted with catalytic converter, 
because lead in the petrol, inactivates the 
catalyst metals like platinum-palladium and 
rhodium, etc., present in the converter. 


6. (a) Hieracium, amember of Family Asteraceae 
is a plant where seeds develop without 
fertilisation. This process is called apomixis 
and is quite common in some families like 
Asteraceae, Rosaceae etc. 


(b) Two ways by which seeds develop without 
fertilisation are as follows: 

— In some species, the diploid (2n) egg cell 

is formed without reduction division, 
and develops into an embryo, without 
fertilisation i.e., parthenogenesis. 
In many varieties of Citrus and mango, 
some of the nucellar cells surrounding 
the embryo sac start dividing, protrude 
into the embryo sac and develop into 
embryos i.e., adventive embryony. 


7.(a) Tapeworm and earthworm are hermaphrodite 
but tapeworm shows self fertilisation whereas 
earthworm shows cross fertilisation. 


iled Solutions 


need 
UNOS LALIT 


(b) 


yY 


CEIA CBSE Champion Biology Class 1» 









In amphibians, syngamy takes place outside 
the body, in water and in reptiles syngamy 
takes place inside the body of the organism 
Thus, in amphibians external fertilisation 
takes place and in reptiles internal fertilisat ~ 


takes place. 


eS aia 


OR 


Continued self pollination results jp 

inbreeding depression. So, flowering 

plants have developed following devices to 
discourage» self pollination and encourage 
cross pollination. These are as follows: 

(i) Dicliny : Flowers are unisexual so that self 
pollination is not possible. The plants may 
be monoecious (bearing both male and 
female flowers, e.g., maize) or dioecious 
(male and female flowers present on 
different plants, e.g., mulberry, papaya). 

(ii) Dichogamy : Anthers and stigmas mature 
at different times in a bisexual flower soas 
to prevent self pollination. e.g., sunflower, 
Gloriosa. 


The doctor must have used pedigree anlaysis 
which refers to the analysis of distribution 
and movement of traits in a series of 
generations of a family. i 

Since non-haemophilic parents gave birth to 
: haemophilic child, their genotypes should 

e: 
Father : XY (normal) 


Mother : XX” (carrier/heterozygous, non- 
haemophilic) 






















Parents Father x Mother 
Genotype XY xx! 
Gametes QO (x) (xh) 
9 h 
X 
oO 
XX A 
Carrier, 


X | Normal female 





Progeny non-haemophi 
female 
vl X x 

Normal male | Haemophilic male 


Their p Togeny can consist of the followi"® | 


genotypes and Phenotyp ees 


À 
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a Xe XY xby 
Normal : Carrier,: Normal Haemophili 
female non-haemo- male mal _ 

philic female : 
ji l - 


l 
Insect pests 


Pusa sem | Jassids, 

2 aphids and 
fruit borer 
Shoot and 
fruit borer 





> 1 ° 


(ii) | Okra (Lady’s | Pusa 
finger) Sawani 


10. (a) Rosie, was the first transgenic cow 
engineered in 1997. Several human genes are 
transferred in cows which are expressed in 
mammary tissue; the protein is secreted in 
milk from where it is easily harvested. Rosie 
produced human protein- enriched milk (2.4 
grams per litre). The milk contained the 





















human a@-lactalbumin and was nutritionally 
a more balanced product for human babies 
than natural cow-milk. 


(b) The bacterium Agrobacterium tumefaciens 
is called natural genetic engineer because 
its tumor inducing (Ti) plasmid has natural 
capabilities to produce effect in several parts 
of the plant by incorporating its gene into 
host genome. 

11. Many species of fig trees hav 
relationship with the pollinator species of 
wasp. A given fig species can be pollinated 
only by its)partner wasp species and not 
by other species. The female wasp uses the 
fruit as an oviposition (egg laying) site. The 
wasp pollinates the fig inflorescence while 
searching for suitable egg-laying sites. i 
return the fig offers the wasp some of its 
developing seeds as food for the developing 


wasp larvae. 


e mutual 






14, 
N Glands/stages 
1. | Hypothalamus 







Hormones involved 


Gonadotropin releasing 
hormone (GnRH) 
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12. Genetic diversity means variation of genes 

within the species; the differences could be 
in alleles (different variants of same genes), 
in entire genes (the traits determining 
particular characteristics) or in chromosomal 
structures. 
The genetic diversity enables a population 
to adapt to its environment and to respond 
to natural selection. The greater is the 
genetic diversity of a species, the higher is its 
efficiency to adapt. It also helps in speciation 
or evolution of new species. E.g., India has 
more than 50,000 genetically different strains 
of rice and 1,000 varieties of mango. 


13. The ovule inside the female reproductive 
part (gynoecium) of the flower generally 
differentiate a single megaspore mother 
cell (MMC) in the micropylar region of 
the nucellus. The MMC undergoes meiotic 
division which results in the production of 
four megaspores. 

In a majority of flowering plants, one of 
the megaspores is functional i.e., develops 
into the female gametophyte (embryo sac), 
while the other three degenerate. The 
nucleus of the functional megaspore divides 
mitotically to form two nuclei which move 
to the opposite poles, forming the 2-nucleate 
embryo sac. Two more sequential mitotic 
nuclear divisions result in the formation 
of the 4-nucleate and later the 8-nucleate 
stages of the embryo sac. Iwo of the nuclei 
from opposite poles migrate to the centre 
and are called polar nuclei. They fuse to 
form secondary nucleus (2n). Cell walls 
are laid down around the 3 nuclei at each 
pole. Three antipodal cells are formed at the 
chalazal end, while 3 celled egg apparatus 
(one egg cell, two synergids) is formed at 
the micropylar end. Thus, 7 celled 8 nucleate 
(2 cell is the central cell which houses 
all these structures) female gametophyte is 


formed. 














Stimulates the anterior pituitary to secrete 
luteinising hormone (LH) and Follicle 

















15. 


LH and FSH 






(hCG), human 
somato-mammotropin 


Hardy-Weinberg principle states that in a 
large, randomly interbreeding population, 
the allelic frequencies in a population remain 
stable and is constant from generation to 
generation. This is called genetic equilibrium 
where gene pool is constant and sum total 
of all the frequencies is 1. 
Hardy-Weinberg represented this using an 
algebraic equations which as following : 

p+ 2pq+q =1 

also, p+q=1 

where, p is frequency of dominant allele 
and q is frequency of recessive allele. Hence, 
p is the frequency of individuals in the 
population that are homozygotic dominant 
i.e., AA and f is the frequency of individuals 
in the. population that are homozygotic 
recessive i.e., ad. 2pq represents frequency 
of individuals in the population that are 
heterozygotic or carriers. 

Now, we are given data about individuals 
showing albinism.Albinism is due to 
autosomal recessive disorder. 
Therefore, number of individuals 
albinism is : 

q = 1/10000 or 0.0001 


~. q = V0.0001 = 0.01 
Now, p+q=1 
p = 0.99 
So, the frequency of carriers of albinism in 
the population i.e., 2pq, is 
2 pq = 2 x 0.99 x 0.01 = 0.0198 = 0.02 


with 


2 
2pq = — or 1/50 
BA 100 


Po 
B 









Oestrogen and progesterone 


Human chorionic gonadotropin 
chorionic 
(hCS), 
oestrogen, progesterone, relaxin. 
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progesterone. FSH stimulates the growth of the 
ovarian follicles and division of primary oocyte 
within the follicle to form secondary oocyte, |; 
also stimulates the formation of oestrogen. 






Oestrogen stimulates the proliferation of 
endometrium of the uterine wall. Progesterone 
is essential for the maintenance of endometrium 
for implantation and other events of pregnancy, 
hCG stimulates the corpus luteum that 
continues to secrete progesterone until the 
end of pregnancy. hCS stimulates growth of 
breasts during pregnancy. Relaxin facilitates 
parturition. 






Thus, in the given population, 1 person in 
every 50 individuals would be carrier of 
albinism. 


OR 


Analogous organs are the organs which have 
similar functions but have different structure 
and origin. Sting of honey bee and scorpion 
are analogous structures, as sting of honey bee 
is a modification of its ovipositor (structure 
that helps in egg laying) while that of scorpion 
is modified last abdominal segment. Stings 
of both arthopods perform similar functions. 


16. (a) DNA molecule is a more stable genetic 
material than RNA because of the following 
reasons : 

(i) The 2’-OH group present at every 
nucleotide in RNA isa reactive group and 
__ makes RNA labile and easily degradable. 
(ii) DNA is chemically less reactive and 
structurally more stable as its nucleotides 
are not exposed except when they are to 

___ xpress their effect. 

(iii) Presence of thymine at the place of uracil 
__ also confers additional stability to DNA. 
(iv) RNA mutates at a much faster rate and 

there is no repairing system whereas 
DNA is capable of undergoing slow 
j mutations and has power of repairing. 

(b) Unambiguous” means that one codon codes 
for only one amino acid. 

Degenerate” means that the same amin? 
acid is coded by more than one codon. 
Universal” means that the same code would 


me amino aci ia t0 
human. acid from bacter 
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17. Natural selection is 
sects Saisin ig — by which 
shel ehsdrdtient eat est suited for 
ome of the irvive and reproduce. 
e most striking examples which 
demonstrates the action of natural ioni 
he wild. is th ural selection in 
» 1S the case of peppered moth, Bi 
betularia that lives in al] ao 
ss a Selina parts of England. 
ustrial smok 

tree trunks b sep I Boot. IS palt 
ecame more and more blackened. 
As a result, the light moths stood out in 
contrast to its background, increasing th 
bility of beimaan ie el 
possibi eing easily detected and eaten 
by their predators, such as birds, in much 
greater number than the dark melanic variety 
Decrease in the number of light moths and 
increase in the number of dark variety was 
the ultimate result. Therefore, evolution 
favoured the melanic moths to reproduce 
more successfully due to their adaptation to 
the polluted areas of England. Evolution of 
the darker form, in response to industrial 
pollution is known as industrial melanism. 


18. (a) Evolution is not a directed process in the 
sense of determinism. It is a stochastic process 
based on chance events in nature and chance 
mutations in the organisms. Anthropogenic 
actions also leads to evolutions#kor example: 
(i) Excess use of heribicides/and pesticides has 

resulted in selection of resistant varieties. 
(ii) Resistant varieties ofsmicrobes develop 
against which, antibiotics are applied. 

(b) Differences between divergent and convergent 
evolution are given below : 

ey 


Convergent evolution 








_ A p 
Divergent evolution 
N 














Independent development 
variety of species of similar form and features 
from acommon | by unrelated organisms 
ancestral form. usually as an adaptation to 
similar environment. ___ 
Analogous organs 

result from convergent 
evolution. @.8: Similar 
streamlined body form, 
fins in fish and whale. 


1. | Origin of a 

















Homologous 
organs result 
from divergent 
evolution e.g. 
evolution 

of pouched 
mammals. 


19. (a) The infectiv 
Anopheles mos4 
the blood meal, 
1S gametocyte: 






















e stage of Plasmodium which 
uito takes in, along with 
from an infected human 
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(b) Malaria is characterised by fever at intervals, 
sudden acute chillness (cold rigor stage) 
accompanied by shivering followed by rise 
in temperature. Malaria fever occurs when 
schizonts in red blood corpuscles burst 
and set free their contained merozoites and 
malarial pigment (haemozoin) in the blood 
plasma. Bursting of schizonts tends to be 
synchronous as they all burst at the same 
time. Haemozoin is said to be toxic and so 
induces high fever and shivering. 

(c) Part of life cycle (sexual cycle) of Plasmodium 
vivax in mosquito is as follows 

Oocyst ~ ———~_ Cyst wall 


| A Stomach Wall 
Nuclei A ES) Ookinete (zygote) 









PENS 
Cytoplasmic IY Megagamete 
masses XN 2 
5 N . A) \ c} Microgamete —]3 
2 PEA E CH Megagamete |Q 
O| Formation of < A peLACELLA qN Cone of reception 2 
© | sporozoites or \ ess GS = 
va w z 
Oocyst bursts AAN —_ r Megagamete S 
liberating SH \ QCA 
sporozoites NN i Megagametocyte 
a WAN gag cyt 
sporozoites in N \ J Microgametocyte 
salivary gland Ñi f 
Mi 
all 


20. According to the mode of breeding there are 
two types of fish breeding, natural breeding 
and induced breeding. Natural breeding 
(Bundh breeding) - Breeding occurs in natural 
bundhs which are special types of ponds 
where natural water resource conditions are 
managed for the breeding of culturable fish. 
Induced breeding - It is the artificial method of 
fertilising ova from the females and the sperms 
fom males which are taken out by artificial 
means. Stimulation of ovulation by administering 
gonadotropins, and other hormones is an 
important step in induced breeding. 


21. (a) The proinsulin has A, B and C polypeptide 
strands. It is non functional. The mature 
insulin has only A and B polypeptide strands. 
It is functional. 


(b) From the human cell, DNA containing insulin 
gene is isolated. The two DNA sequences 
corresponding to A and B chains of human 
insulin is introduced into the plasmids of 
E. coli to produce insulin chains A and B. 
The extracted chains A and B are combined 
by creating disulphide bonds to form human 
insulin (humulin). 


—_—— 


= api a a a a ome 
Sa 








406 


(c) The insulin prepared by rDNA technology 
does not produce sensitive allergic reactions 
and immunological reactions whereas those 
used earlier, produced allergic reactions and 
other complications to the foreign protein as 
earlier insulin was extracted from pancreas 
of slaughtered cattle and Pigs. 


22. (a) Tourists Visiting high altitude areas such 
as Rohtang Pass or Mansarovar, experience 
altitude sickness. Its symptoms include 
Nausea, fatigue and heart palpitations. 
This is because in the low atmospheric 
pressure of high altitudes, the body does 
not get enough oxygen. But, gradually we 
get acclimatised and Stop experiencing 
altitude sickness. The body compensates low 
oxygen availability by Increasing red blood 
cell production, decreasing the binding 
affinity of haemoglobin and by increasing 
breathing rate. Thus, the visitors are advised 
to resume their normal active life involving 
heavy work only after few davs, because tor 
doing heavy tasks, our body needs energy, 
and this energy is obtained by the owdation 
of glucose in the presence of oxygen. This 
oxygen is carried to the cells by haemoglobin 
present in RBCs. As oxygen Å the limiting 
factor in high altitudes, mor@Cirrier molecules 
i.e haemoglobin Molecules are heeded to 
provide sufficient amount of oxygen to cells. 
Thus, increased RBC production, that starts 
in a few days atterreachingultitudes, prepares 
the tourists to lead a normal active life. 

(b) According to Bergman's rule, temperature 
affects the absolute size of an animal and 
the relative proportion of various body 
parts. Birds and mammals attain greater 
body size in cold regions than in warm 
areas . Thus, smaller animals are rarely 
found in polar regions. It can be explained 
that as small animals have a larger surface 
area relative to their volume, they tend to 
loose body heat very fast when it is cold 
outside. Due to higher heat loss, they have 
to expend much energy to generate body 
heat through metabolism. Greater body size 
reduces surface area to volume ratio, and 
decreases heat loss, which is very essential 
for surviving in cold polar regions. 


23. (a) The differences between in situ 
conservation and ex situ conservation are 
as follows : 







_hot spots.and protected areas. | engineers. 


(b) The measures for control of solid wastes are: 


25. After the formation of 7 
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i< conservation and | It is conservation | 
k E ' the whole ! of threatened 
protection of t | d be islimi | 
ecosystem and its biodiversity | plants/animals 
e ; za 
at all levels in order to | in places outside 
rotect the threatened | their natural 
mi es. However, it is not homes. Ex situ 
LS » Smoar 

economically feasible to | consery ation 
“onserve . all biological | includes offsite 
v ` ` | 
wealth and all the oxisting | collections and 
ecosystems. The number ot | gene banks, The 
species required to be saved} two are also a 
from extinctions far exeeeds source of genetic 
the conservátion rèsources. | material for 
Two alternate, methods are | breeders and 
being used to save@biodiversity, | genetic 





Recovery and recycling, source reduction, 
burning and dumping. 


24. (2) Polyblend is a fine powder of recycled 


modified plastic. This mixture is mixed 
with bitumen that is used to lay roads. Raw 
material is any plastic film waste. 


(b) Blends of polyblend and bitumen, when used 


to lay roads, enhance the bitumen’s water 


repellant properties and help to increase 
road life by a factor of three. 


ygote, a rapid series 
isions (called Cleavage) of 
the zygote occurs as jt moves through the 
isthmus of the oviduct towards uterus. The 


new daughter cells formed after division are 
called blastomeres. 


The embryo with 
blastomeres is called 
continues to diy 


of mitotic diy 


solid mass of 8-16 
4 morula. The morula 
ide further and transforms 
nd reaches into the uterus. 
n the blastocyst get arranged 
er called trophoblast and an 


cells attached to trophoblast 
cell mass. 


into an outer lay 
inner group of 
called the inner 
The trophobla 
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The outer surface of the chorion (foetal 
membrane) develops a number of finger 
like projections, called chorionic villi, which 
grow into the tissue of the uterus. These villi 
penetrate the tissues of the uterine wall in 
which they are embedded, to make up the 
organ known as placenta. 

The placenta facilitate the supply of oxygen 
and nutrients to the embryo and also removal 
of carbon dioxide and excretory/waste 
materials produced by the embryo. Placenta 
also acts as an endocrine tissue and produces 
several hormones like human chorionic 
gonadotropin (hCG), human placental 
lactogen (hPL), oestrogens, progesterone, 
etc. for the maintenance of pregnancy. 


OR 


Oogenesis is the process of formation of 
functional haploid ova from the diploid 
germinal cells in the ovary. It is initiated 
during the embryonic development stage 
when a couple of million gamete mother 
cells (oogonia) are formed within each foetal 
ovary; no more oogonia are formed and added 
after birth. Oogenesis consists of three phases 
: multiplication, growth and maturation. 
(i) Multiplication phase The “oogonia 
multiply by mitotic divisions to become 
Each primary oocyte 


primary oocytes. 
a layer of 


then gets surrounded by 
ells to form primary follicle. A 
of these follicles degenerate 
during the phase from birth to puberty. 
Therefore at puberty only 60,000 - 80,000 
primary follicles are left in each ovary. 
(ii) Growth phase Meiosis begins in 
the primary oocytes soon after their 
formation. However, the oocytes are 
arrested in the early part of meiotic 
prophase | (diplotene stage). This is the 
first resting stage. They undergo a round 
of DNA synthesis, and chromosome 
pairing takes place, but meiosis does not 
proceed further until years later. 
(iii) Maturation phase After attainment 
of puberty, the primary follicles get 
surrounded by more layers of granulosa 
cells and a new theca to form secondary 
follicles. Theca differentiates into two 
layers. Granulosa cells secrete fluid that 
cause the development of a cavity or 


granulosa c 
large number 
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The 


antrum around the primary oocyte. 
stage is called tertiary follicle. 
Schematic representation of oogenesis : 








Oogorma 
number | Mitosis 
differentaton 
per cell 
46 —~> Fetal life n i 
| Ist meiotic division 
(Compieted prior 
Childhood er to ovulation) 
23 —» Puberty---*7" °°" S 
| First polar Secondary oocyte 
= } 
Adut 4 
23 > reproductive J um 
life Second polar 
; body 


26.(a) Plant breéding is an applied branch of 


(b) 


botany which dealspwith the improvement 
of cultivated varieties (cultivars) of plants. It 
deals with the improvement in the heredity 
of crops and production of new crop Varieties 
which are far better than original types in all 
respeets. E.g, production of insect resistant, 
high yielding and/or early maturing varieties. 
It is possible to induce mutations artificially 
through use of chemicals or radiations (like 
gamma radiations), and selecting and using 
the plants that have the desirable character as 

a source in breeding. This process 1s called 
mutation breeding. 

Mutation breeding has proved advantageous 
in many cases such as in mung bean, 
resistance to yellow mosaic virus and 
powdery mildew were induced by mutations. 
Breeding of crops with higher levels of 
vitamins and minerals or higher protein and 
healthier fats is called biofortification. This 
is the most practical aspect to improve the 
health of the people. 

Plant breeding is undertaken for improved 
nutritional quality of the plants with the 
objectives of improving : 

- protein content and quality 

- oil content and quality 

— vitamin content 

— micronutrient and mineral content. 
Maize hybrids that had twice the amount 
of the amino acids-lysine and tryptophan, 
compared to existing maize hybrids were 
developed in 2000. Wheat variety with high 
protein content, Atlas 66 has been used as a 
donor for improving cultivated wheat. 
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(a) 


(b) 


27. 


OR 
Farmyard manure is 
farm animals, urine, farm refuse and crop 
residues which are allowed to Partial decay 
with the help of soil microorganisms. These 
microorganisms decompose complex organic 
debris into a dark amorphous substance 
(humus) and degradation products which 
are easily assimilated by plants. 
Biofertilisers are the microorganisms such 
as bacteria, cyanobacteria, fungi etc., which 


made up of dung of 


bring about soil nutrient enrichment, 
maximise the ecological benefits and 
minimise the environmental hazards. 


During the preparation of green manure, 
many leguminous and non-leguminous 
crops are grown in the field and ploughed 
back into the soil, while they are still young 
and green. This practice is used to enrich 
nitrogen, phosphorus and other mineral 
content of the soil. 


The steps for green manuring are : 
(i) Many leguminous and non leguminous 
crops are grown in the field. 

(ii) When these plants grow to sufficient 
height, then they are ploughed back into 
the soil. The plants must be stillyoung 
and green while ploughing back. The 
most important advantage of using green 
manure is that) the complex organic 
matter present in plants is decomposed by 
microorganisms and the nitrogen which is 
present in the organic matter is converted 
to ammonia, which is either absorbed by 
the plants or converted into nitrates. 


(a) Cloning vectors are DNA molecules 
that can carry a foreign DNA segment and 
replicate inside the host cell. 

Characteristics of a cloning vector are as follows: 


- Origin of replication : Sequence from 


where replication starts and any piece of 
DNA, when linked to this sequence can 
be made to replicate within the host cells. 


~ Selectable marker (antibiotic resistance 


gene): It helps in identifying and 
eliminating non-transformants and 
selectively permitting the growth of 
transformants. Transformation 1s a 
process through which a piece of DNA is 
introduced in a host bacterium. — 

Cloning sites : In order to link the 
alien DNA, the vector needs to have 


D aa 
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recognition sites for the common; 
used restriction enzymes. Presence a 
recognition site allows the particula 
enzyme to cut the vector only once, 


(b) In order to force bacteria to take ; 


(a) 


(b) 


the plasmid, the bacterial cells must be 
made competent to take up DNA. This i; 
called transformation, which is done p 

treating them with specific concentration 
of a divalent cation, such as calcium. This 
increases the efficiency with which DNA 
enters the bacterium through pores in cel] 
wall. Recombinant DNA can then be forced 
into such cells by incubating the cells with 
recombinant DNA on ice, followed by placin 

them briefly at 42°C (heat shock) and then 
putting them back on ice. This enables the 
bacteria to take up the recombinant DNA. 


OR 


Source of Taq polymerase is Thermus 
aquaticus, a bacterium. 

Taq polymerase is a thermostable enzyme. 
It is used in polymerase chain reaction 
(PCR). During the polymerisation step in 
PCR, repeated amplification is achieved by 
the use of Taq polymerase, which remains 
active even at the high temperature induced 
denaturation of dsDNA. 

ADA : Adenosine deaminase 

It isan enzyme which assists in the functioning 
of T-lymphocytes to provide immune 
response against invading pathogens. 
Deficiency of this enzyme results in severe 
combined immuno deficiency (SCID), a 
hereditary defect in which patient lacks 
antibody formation due to impairment 
of components of immune system 
(T-lymphocytes and B-lymphocytes) 

In gene therapy, lymphocytes from the blood 
of the patient are grown in culture outside the 
body. A good copy ofhuman gene encoding this 
enzyme (ADA) is introduced into these cél! 
using a retroviral vector These lymphocy'® 
are then transferred into the body of the 
patient. The patient requires periodic infusio" 
of such 8enetically engineered lymphocyte 


If a functional ene is introduced into the 


bone marrow cells at early embryonic stag? ! 
would be a permanent cure. 





(a) Name the hormones X, 
(b) The presence of which o 





Time Allowed : 3 hours 


(i) All questions are compulsory. 


ij) This questio l 

i) kea ch ee of four sections A, B, Cand D. Section A contains 5 questions of one 
hide ara each, a 7 questions of two marks each, Section C contains 12 questions of 
ey thee an Section D contains 3 questions of five marks each. 

(iii) A hairs choice. However, an internal choice has been provided in one question of 2 
oor / ; T stion of 3 marks and all the three questions of 5 marks weightage. A student has 
o attempt only one of the alternatives in such questions. 

(iv) Wherever necessary, the diagrams drawn should be neat and properly labelled. 


Section-A 
Mention any four asexual reproductive 
structures that are found among different 
groups of organisms. 
Compatibility reaction is determined by 
special proteins X and Y, X being present over 
zona pellucida and Y is over sperm surface. 
What are X and Y? 
Compare male heterogamety and female 
heterogamety. 
Which lymphoid tissue constitutes about 50 
per cent of the lymphoid, tissue in human 
body? 
Which novel strategy is being adopted to 
prevent nematode infestation in dicot plants? 
Section-B 


chastic process based on 


Evolution is a st 
ce mutation 


chance events in nature and chan 
in the organisms. Justify. 

Study the given graph and answe 
questions that follows. 


r the 


Hormone levels 
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Y and Z. 
f these hormones (X, 
ine helps in detecting pregnancy? 
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GENERAL INSTRUCTIONS 


(a) 


(b) 


(c) 


(d) 


(a) 


(Unsolved) 


Maximum Marks : 70 

















Give the scientific names for the following: 
The joining of genes, set of genes or 
parts of genes, into new combinations, 
either biologically or through laboratory 
manipulation. 

An independent, stable, self replicating 
piece of DNA in a bacterial cell that is not 
a part of the normal cell genome and that 
never becomes integrated into the host 
chromosome. 

A small segment of DNA that binds to a 
complementary strand of DNA. 

A technique used for introducing a solution 
of DNA into a cell using a fine microcapillary 
pipette. 

Refer the given figure to answer the questions 
that follow. 


Chromosome 
G O X 
€ 


Tumour cells 
cultured and 
X is extracted 





Crown gall 


What is X? 


(b) Why is X important for molecular geneticists? 


10. 


Differentiate between dominance and 
epistasis. 
OR 


Both strands of DNA do not get copied during 
transcription. Why? 
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l1. Parasites have evolved to adapt so as to live 
successfully on their hosts. List two features 
of parasite that prove this statement. 


12. Why is the pyramid of energy always upright? 


Section-C 


13. Which type of natural selection is believed 
to be the driving force behind the sympatric 
speciation? Explain. 

14. What is gametogenesis? Name its two types 
and give differences between them. 

15. (a) In which of these seeds, endosperm is 
persistent? 

Wheat, Rice, Barley, Pea, Bean, Palm 


(b) Write down the fate of endosperm. 


16. In a large population, only a person in 10,000 
is albino. What will be the frequency of 
carriers of albinism in the population? 


17. A local population of farmers (747 in total) 
was tested for their MN blood grouping and 
the following are the results: 

Genotype : MM MN NN 
Number of individuals : 233 385, 129 
Find out the frequencies of alleles M and N in 
this local population. 


18. Fill in the blanks in the given table. 


-- Abdominal pain, 
diarrhoea, blood 
in faeces. 

Anopheles | — | 

Glossina |Recurrent fever, 

palpalis |anaemia, patient 
falls asleep. 








Pathogen 















Entamoeba 








spleen 
enlargement, 
anaemia, 

darkening of 
skin. 


OR 


(a) Mention the property that enables the 
explants to regenerate into a new plant. 

(b) A banana herb is virus-infected. Describe the 
method that will-help in obtaining healthy 
banana plants from this diseased plant. 

19. The cloning vector pBR322 has two antibiotic 
resistance genes: ampicillin and tetracycline. 
This is because one antibiotic resistance gene 
helps in selecting the transformants, whereas 


20. 


(a) 
(b) 


21. 


=. 


23. 


24. 


25. 


26. 


(a) 
(b) 


Lie 
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the other antibiotic resistance gene helps | 


selection of recombinants. Explain. 

In winter, storms have brought nutrient. 
rich water into a lake. Based on the data on 
the population of unicellular algae in the 
lake throughout the year, the given graph iş 
plotted. 


n 
© 
© 
© 


4000 


2000 


Number of individuals per dm? 


oJ FMAMJ JASOND 
Months 


What term is given to the condition occurring 
in summer months? 

Suggest possible conditions that you would 
observe between May to September. 


Describe in detail the species - area 
relationship as given by Alexander von 
Humboldt. 


“In pea flower the pollen grain unites with an 
ovule to form zygote which develops into a 
fruit’. Explain why the above statement is not 
correct? 


What is the ZO-ZZ type mechanism of sex 
determination? Explain it diagrammatically. 
Explain the role of baculoviruses as biological 
control agents. Mention their importance in 
organic farming. . 

Section-D 


How is the ‘Sixth episode of extinction of 
species on earth now currently in progress 
different from the five earlier episodes! 
Explain the various causes that have brought 
about this extinction. 

OR 


Outline salient features of carbon cycling j 
an ecosystem. 





| 


Describe the hormonal control of the | 


reproductive cycle of human female. 


OR 


Draw a labelled diagram of the T.S. of anthe! | 


of angiosperms. 


Explain the functions of different wall lye | 


of anther. 


One chromosome contains one molecu! 


of DNA. In eukaryotes, the length of tht 
| 


À 


Pm 
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DNA molecule is enormously large. 
Explain how such a long molecule fits 
into the tiny chromosomes seen at 
metaphase. 


OR 
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(a) How did Griffith prove the DNA 
transformation principle? Describe the 
experiments he performed. 

(b) RNA is not considered a suitable genetic 
material. Why? 





6. Evolution isa gradual process that occurs due 
to accumulation of variations, introduced by 
human activities or selected by nature. 

9. (b) Xis used as a vector for gene transfer. 


10. In dominance, effect of recessive allele is 
suppressed by dominant allele. In epistasis, 
non-allelic gene masks the effect of other gene. 

OR 


Transcription is the process of copying 
genetic information from template strand of 
DNA into RNA. 

11. Adaptive features of parasites include (i) well 
developed reproductive system for excessive 
multiplication and (ii) presence of adhesive 
organs to cling to host. 

12. Pyramid of energy is always upright because 
there is always a gradual decrease in the 
energy content at successive trophic levels 
from producers to various consumers. 

13. Type of natural selection favouring extreme 
variants over intermediate results in 
sympatric speciation. 

14. Formation of sperms (spermatogenesis) 
in the. testes, resulting in formation of 
four spermatozoa and formation of ova 
(oogenesis) in ovary resulting in maturation 
of one ovum only. 

15. (b) Endospermis food laden tissue that provides 

nourishment to the developing embryo. 

Equation of Hardy Weinberg principle is 

p? + 2pq + q? = 1, also, p + 4 = ], Albinism 

is an autosomal recessive disorder, so, the 

frequency of carriers in albinism is 2P4- 


17. Let the alleles be x. 


Frequency of allele x = 
Total number of x alleles 


umber of alleles (x+y) 


16. 


ON 


Total n 


18. (b) Meristem culture 


lection 
stim resistance gene 1S for the se 
19, Ampicillin re S none -ansformants. 


Tetracycline resistance gene is the site for 
insertion of foreign DNA. 

20. (b) Excessive algal growth in water bodies 
cut off light from submerged plants and 
decreases oxygen replenishment. 

21. Species - area relationship is described by 
equation: 

Log $= logC + Z log A 

92. Fertilisation is fusion of male and female 
gametes. 

23. ZQ-ZZ type sex determination occurs in 
butterflies and moths. In ZO-ZZ mechanism, 
female is heterogametic and male is 
homogametic. 

24. Baculoviruses are biopesticides that are 
used for biological control of insects and are 
harmless to non-target organisms. 

25. Sixth episode of extinction is mainly due to 
human activities and have various aspects 
like habitat loss and fragmentation, over- 
exploitation, co-extinction etc. 

OR 
Carbon cycling occurs through atmosphere 
ocean and through living and dead organisms, 
and is also influenced by human activities. 

26. Female reproductive cycle is under control of 


GnRH, FSH, LH, estrogen and progesterone, 
having both positive and negative feedback. 
OR 


(b) Different wall layers of anther are 
epidermis, endothecium, middle layers and 
tapetum. | 

27. Long sized DNA molecule accommodates in 
nucleus through packing and compaction. 


OR 


(a) Griffith injected mice with smooth (S) 
and rough (R) strains of Streptococcus 
pneumoniae. 

(b) RNA is less stable than DNA. 


of tranformants fro 
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GENERAL INSTRUCTIONS 


(i) All questions are compulsory. 


j] 1 i ~ti à c ins 2 Sti 
Gi) This question paper consists of four Sections A, B, C and D. Section A er i carey 
of one mark each. Section B contains 7 questions of two marks each, Section C contains 12 


questions of three marks each and Section D contains 3 questions of five marks each. 

(iii) There is no overall choice. However, an internal choice has been provided in one question of 2 
marks, one question of 3 marks and all the three questions of 5 marks weightage. A student has 
to attempt only one of the alternatives in such questions. 

(iv) Wherever necessary, the diagrams drawn should be neat and properly labelled. 





Section-A 


I. In the given diagrammatic representation of 
the transcription “unit”, what do the parts P 
and Q represent? 


P 


Q 


2. Plasmid pBR322 has.a variety of unique 
recognition sites for restrictionendonucleases. 
Give few examples with their location. 


3. What will be the ploidy level of cells of 
endothecium, tapetum, sporogenous tissue 
and microspore tetrads respectively? 

4. A human being suffering from Turner’s 
syndrome shows monosomy. Mention the 
cause of this chromosomal abnormality. 


5. Give one example of homologous organs in 
plants and one of vestigial organs in animals. 


Section-B 


6. The cell divisions involved in gamete 
formation in haploid and diploid organisms 
are not of the same type. Explain. 


7. How a healthy plant can be recovered from a 
virus infected plant? Explain in brief. 


8. Give reasons for the following: 


(a) Modified streptokinase is used as a ‘clot 
buster’ 


(b) Methanogens play an important role in the 
nutrition of cattle. 


9. A plasmid DNA and a linear DNA (both of 


the same size) have one site for restriction 
endonuclease. When cut and separated on 
agarose gel electrophoresis, plasmid shows one 
DNA band while linear DNA shows two bands. 
Explain. 


OR 


What do you mean by gene cloning? 
10. 


SEM EAE 


mRNA | | Transcription 
X —3 | | | — Translation 
VT TUT TOT <— Enzymes 


ndier 
®D 


(a) Name the molecule K synthesised by Ki gene. 
How does this molecule get inactivated? 


(b) Which one of the structural genes codes fo! 
B-galactosidase? 


(c) How does the transcription of the give" 
Operon turns off ? 


11. Define haploidy. What 


is the significance of 
haploid plants? 
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12. A person suffering from tetanus was taken 
to doctor who injected him with preformed 
antibodies. What is this type of immunisation 
called and what are its advantages? 

Section-C 


13. (a) What are the various types of natural 
selection? 


(b) Identify and explain the type of natural 
selection shown in figure. 
=> 








Mean 





Conserved Mean 
Conserved 


by selection 


Frequency 


Eliminated 


14. (a) In a double helical DNA, distance 
between two consecutive base pairs is 0.3 
nm. What would be the length of DNA of 
mammalian cell? 

(b) If a double stranded DNA has 20 per cent of 
cytosine, calculate the per cent of adenine in 
the DNA. 

15. Giving twor 
species biodiversity in tropical latitu 
in temperate ones. 

16. The great German naturalist and geographer 
Alexander . von Humboldt observed that 
within a region, species richness increases 
with increasing explored area, but only upto 
a limit. 

How do you d 
relationship? Also 
related with the curves. 


OR 


easons explain why there is more 
des than 


raw a graph for species-area 


describe the equations 


sms cope with the stressful 
various methods. 


te regulators and 


Living organi 
abiotic conditions by 
On this basis different 


conformers. 


17. (a) What are th 


retrovirus? Name any 
d to be connect 


e main characteristics of 
two retroviruses which 
ed with the etiology 
are believe 
of cancers. 
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(b) What are hallucinogens? Give two examples 
alongwith their effects. 


18. (a) Pathogens often develop resistance to 
existing antibiotics so that newer antibiotics 
are required to be produced. List various 
factors due to which this resistance 1s 


developed. 
(b) Name two antibiotics obtained from Bacillus 
species and their microbial source. 


19. Refer the given figure of human 
sperm and answer the following 
questions. 

(a) Name the labelled part which (op 
facilitates entry of sperm into the p 
ovum. 

(b) The stfucture which will play a E+ j 


role in the first cleavage of zygote 
is present in which of the labelled 


parts? 
(c) Which part generates energy for sperm 
movement and how? 






20. Refer to the given graph with regard to 
primary and secondary immune responses, 
and answer the accompanying questions (a), 


(b) and (c). 


— 
oO 
© 


© 


— 


Serum antibody concentration —> 





10 20 50 
Time (Days) ——> 


First exposure to antigen Second exposure to antigen 


(a) What does P represent in the given graph? 
(b) Which antibodies are being represented by 
the letters Q and R respectively? 


(c) How does the antibody concentration during 
secondary immune response differ from that 


during primary immune response? 

21. (a) Which enzyme prevents the sealing 
(or joining) of the cohesive cleaved ends of a 
cloning vector? How does it do so? 


(b) What is a recombinant protein? 








i 
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22. Riya, a 6 year old girl is diagnosed with 
adenosine deaminase (ADA) deficiency. 
This enzyme plays an important role in the 
working of the immune system. What may be 
the best possible treatment given to her in this 
regard? Is there any permanent cure for her 


problem? 
23; 
Acid/Bas Motor 
for pH Foam braker 
control 


Flat bladed 
impeller 
Culture broth 


Steam for 





& Sterile air 
Product outlet 


(a) Name the kind of bioreactor shown in the 
figure. 


(b) Briefly describe its working mechanisní. 


24. (a) What is the significance of a test cross in 
cross breeding experiments ? 

(b) A child has blood group ‘O” If father has 
blood group ‘A’ and mother has blood group 
B, work out the genotypes of the parents 
and the possible. genotypes of the other 
offsprings. 

Section-D 

25. (a) DNA polymorphism forms the basis of 
DNA fingerprinting. Justify. 

(b) The distance between two DNA strands is 
found to be constant, present in any cell, in 
any organism. How ? 

OR 


(a) When a cross is made between tall plant with 
yellow seeds (TtYy) and tall plant with green 
seed (Ttyy), what proportions of phenotype 
in the offspring could be expected to be 
(i) tall and green 


(ii) dwarf and green. 
(b) Explain how inheritance of ABO blood group 


is a case of multiple allelism, codominance 
and dominance. 


26. 


(b 


w 


À ai 


| 
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(a) Drawaneat diagram of T.S. of young anthe, | 
of angiosperms and label the following Parts. | 
(i) Tapetum 

(ii) Middle layers 

(iii) Conducting strand 

(iv) Region of dehiscence 


Arrange the following terms in a coreg 


developmental sequence : 


(c) 


(a 


~— 


(b 


4 


(c) 


27: 


(a 


— 


(b) 


Pollen grain, Sporogenous tissue, Microspore 
tetrad, Pollen mother cell, Male gametes, 


Explain the following by giving reasons: 


(i) Pollen» grains are well preserved a, 
fossils. 
(ii) Bee pollen is used by people in the form 
of tablets these days. 
OR 


Why fertilisation in angiosperms is referred 
to as ‘double fertilisation’? Explain. 


Give suitable terms for the following: 

(i) Pollen tube enters the ovule through 
micropyle. 

(ii) Pollen tube enters the ovule through 
chalaza. 

(iii) Insects act as agents for pollination and 
subsequent fertilisation. 





Name the pollinating agent of flowers | 
like maize and Cannabis. Give any two 
characteristic features of these flowers 
favouring this kind of pollination. 





Different types of organisms show interactions 
of various kinds. Name and briefly explain 
the interaction existing between: 

(a) Algae and fungi in lichens 

(b) Herbivores and plants 

(c) Fig and wasp 

(d) Head louse and humans 

(e) Penicillium and bacteria. 


OR | 
Elab | 
Orate the Process by which constant | 
supply of carbon is maintained in 2 
ecosystem. 
How carbon c 


ycling differs from cycling of 
phosphorous? 
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6. Diploid organisms show reductional division 


, 15. Tropical areas have favourable environmental 
and haploid organisms have equational 


conditions, more solar energy and available 


pO: resources. 
Meristem culture 16. Regulators maintain constant body temperature 
(a) Streptokinase is genetically modified and while conformers change their body 
has fibrinolytic effect. temperature according to that of environment. 
(b) Methanogens help in cellulose digestion in 17. (a) In retrovirus, genome consists of ssRNA. 
cattle. 18. (a) Antibiotic resistanceis due to presence of 
9. Plasmid is circular DNA. extra-chromosomal genes in plasmid. 
10. (a) Regulator gene synthesises repressor 19. (b) Proximal centriole. 
protein. (c) Mitochondria 
(c) In absence of lactose. Lac operon is an 22: ADA deficiency can be cured by bone marrow 
inducible operon system. transplantation or enzyme replacement 
11. Haploids are individuals or cells with one her Permanent cure can be tione al 


set of chromosomes instead of two. Haploid peo stage. 


plants are used in plant breeding for 24. (a) Test cross helps in determining the 
producing homozygous plants. genotype of an organism. 

12. Preformed antibodies or antitoxins (P) Both the parents are heterozygous. 
are injected in case of artificial. passive » 25. (a) DNA polymorphism is variation at 


immunisation. It provides immediate relief. genetic level. 
13. (b) Stablising selection favours average sized 26. (a) In angiosperm, fertilisation involves fusion 
individuals. of one male gamete with an egg and other male 
14. (a) Length of DNA =Total number of bp x gamete with diploid secondary nucleus. 
Distance between two consecutive bp. 27. (a) Carbon cycle 


(b) According to Chargaff’s rule, purine and (b) Phosphorous cycle is a sedimentary cycle 
pyrimidine base pairs are in equal amount. while, carbon cycle is a gaseous cycle. 









ta 


(i) All questions are 
.. . . S i : 5 "S i 2 > e 
(ii) This question Paper consists of four Sections A, B, C and D. Section A contains 5 a = sot wee 
ains 7 questions of two marks each, Section C contains 12 questions of 


tion D contains 3 questions of five marks each. 
(iii) There is no ove 


(iv) Wherever nece 
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compulsory. 


mark each. Section B cont 
three marks each and Sec 


rall choice. Howe 
stion of 3 marks 
to attempt only one of the alte 


marks, one que 


Section-A 


Name the bacterium th 


at yields a thermostable 
DNA polymerase. 


If the sequence of bases in one strand of DNA 
is GCTTAGGCAA, then What would be the 
sequence of bases in its transcript? 
A scientist studied two semen samples) Anand B 
and found that sample A lacked tructose while 
sample B lacked citric acid. What can be the 
reason? 
State Haeckel’s biogenetie law. 
Name an autosomal genetic disorder due 
to a mutation resulting in a single base Pair 
change in DNA. 
Section-B 
Generally astime gap is observed between 
fertilisation and embryogenesis in flowering 
plants. Discuss. 
Riya, a 10 years old girl suffers from a bacterial 
disease. She has rose coloured spots on her 
chest. She also suffers from adominal pain, 
light fever, low pulse rate and diarrhoea. 
(a) From which disease does she suffer? 
Name the pathogen that infected her. 
(b) Which diagnostic test is used for its 
confirmation? 


Name the following: 


(a) A semi-dwarf wheat variety which is high 
yielding and disease resistant 


Ver, an internal choice has been provided in one question of 2 
and all the three questions of 5 marks weightage. A student has 
matives in such questions. 

ssary, the diagrams drawn should be neat and properly labelled. 


10. 


Li. 


12. Tropics 


13. (a) List three regions 





(Unsolved) ` 


















(b) Any one inter-specific hybrid mammal 
(e) An improved breed of chicken 

(d) An edible marine fish of India 

Brietly describe the process shown by given 
diagram. 









Microinjection 
needle with 
foregin DNA 

Cytoplasm 





Holding pipette Host cell Nucleus 


Identify the following relationships used in 
human Pedigree analysis, 


(a) 
a 


(b) 
OR 


Draw pedigree analysis of an autosomal 
dominant trait. 


How is S-shaped Pattern of population 
growth different than J-shaped pattern? Give 
two reasons for this difference. 


have 


the maximum biological 
diversity. Why? 
Section-C 


in the DNA of a 
transcription unit. 


(b) Identify the Steps labelled as X and Y in the 


given figure, 
/ \ 
| 


j 


Maximum Marks. 7 | 
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Rho factor 


(c) Which enzyme is essential for step X ? 

14. A hemophilic man marries a carrier woman. 
Find out the genotype of offsprings. 

OR 

Discuss any three factors that affect Hardy 
Weinberg equilibrium. 

15. (a) Name the animal group richly inhabited 
in Western Ghats. 

(b) Name the plant species showing high diversity 
at genetic level over different Himalayan ranges. 

(c) Which rain forest is called ‘lungs of the planet’? 

16. Differentiate between callus culture and 
suspension culture. 

17. (a) Draw a well-labelled diagram of an 
antibody molecule. 

(b) Which type of antibody is produced during 
allergic reaction? 

18. (a) Where is acrosome present in human sperm? 

(b) Which organelle forms it? 

(c) What is its function? 


19. Refer the diagram of a biogas 
answer the following questions. 


plant and 





(a) What is A, B, C and D ? a 
(b) Why only A is used in producing biogas : 
(c) Briefly mention the functioning of the 


biogas plant. 


20. 


(b) 


21. 


a2. 


24. 


(b) 


25. 


417 


(a) State two advantages of haploid 


production in plant breeding. 


Why suspension culture is needed to be 
constantly agitated? 


Refer to the given figure that represents a 
typical agarose gel electrophoresis and answer 
the accompanying questions. 


DNA bands 
Wells | | 
() 
oa $ 





(a) Out of the lanes 1,2, 3 and 4, which lanes 
contain undigested DNA and which lanes 
contain digested DNA? 

(b) Identify the points at which smallest and 
largest DNA bands are formed. 

(c) What is the basis by which DNA 
fragments get separated in gel 
electrophoresis? 

(a) Name the bacterium which produces 

Bt toxin. What is the significance of this 

toxin? 

Name the gene which codes for this 

toxin. Why does this toxin not kill the 

bacterium? 

Name the genes that prevent infection by 

cotton bollworms and corn borers in pest 

resistant plants. 


. (a) What are ‘selectable markers’? 


Name the different tools used in recombinant 
DNA technology. 
(a) In the human genome, which 
chromosome has the maximum number of 
genes and which has the fewest? 
Explain the methodologies involved in 
Human Genome Project. 

Section-D 


(a) State the central dogma in molecular 
biology. Who proposed it? Is it universally 
applicable? Explain. 

List any four properties of a molecule to be 
able to act as a genetic material. 
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26. 


(a) 


(b) 


12. 


13. 


14. 


16. 


OR 
Draw labelled schematic structure of a 


transcription unit. Explain the function of 


each component of the unit in the process of 
transcription. 


Though human ovum is non-motile yet 

it travels a distance in genital tract. Why? 

Discuss with the help of a labelled diagram. 
OR 


Where are the Leydig’s cells located in 


male reproductive system and what is their 
function? 


Explain the role of any two male accessory 
glands. 





Fertilisation is followed by endosperm 
development, required for nourishment of 
developing embryo. 

Gene transfer by microinjection; 


In the tropics, species continued to flourish 
overtime due to less natural disturbances, 
more favourable conditions, more sunlight 
and more source availability. 


(b) Three steps of transcription are initiation, 
elongation and termination. 


Genotype of haemophilic man is XY and 
carrier woman is XX, 


Callus is an irregular, unorganised and 
undifferentiated mass of actively dividing 
cells and suspension culture consists of single 


(c) 


27. 


(b) 
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20. 


(b) 


(c) 


27. 
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How does the corpus luteum act as ap 
o 
endocrine gland? 
(a) Explain the significance of ecologica 
pyramids with the help of an example. 
Whyarethe pyramids referred toas ‘upright or 
‘inverted’? 

OR 


The world is facing accelerated rates of species 
extinction, largely due to human intervention, 
‘The Evil Quartet’ is the sobriquet used to 
describe the four major causes of species 
extinction. Explain them giving suitable 
examples. 





2 
> 
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cell and small groups of cells suspended in 
liquid medium. 


(a) Haploid plants obtained by anther culture 
are useful for improvement of crop plants 
and tor immediate expression of mutations 
and pureline formation. 

To prevent cell aggregation. 


(b) Smallest band covers the maximum 
distance in agarose gel and largest band 
covers minimum distance. 


Bands get separated on the basis of molecular 
size. 


Evil quartet includes habitat loss and 
fragmentation, Over exploitation, alien 
species invasion and coextinction. 


| 


